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Summary 
This paper is an actor-network theory-based analysis of the hindrances for implementation of 
carbon dioxide capture, transport and storage, CCS, as a climate mitigation initiative in 
Norway. It uses the Norwegian projects Kårstø, Mongstad, Tjeldbergodden/Halten/Draugen, 
Sleipner and Snøhvit as the basis for a discussion of the relevant technologies, obstacles, 
policies, rhetoric and realities.  
CCS is a possible way to reduce emissions of carbon dioxide. We need an emission 
reduction of this and other green house gasses to reduce the accelerating problem of global 
warming caused by our activity and consumption. A global warming already started which 
will lead to large scale global changes in not only climate, but subsequently also flora, fauna, 
habitability and sustainability for the entire world.  
The paper is written in a science, technology and society, STS, perspective. It is based 
on various scientific papers, interviews and conversations with representatives from industry 
and government who in different ways are employed with CCS questions. These professionals 
contribute with varied perspectives and supplement available literature.     
The principle of CO2 value chains is discussed using the recently cancelled 
HaltenCO2 as an example. Furthermore, CCS is also seen for its use in a rhetorical sense and 
how this benefits companies without having to physically implement CCS.  
 The Norwegian State, a multi faceted actor, is discussed in light of its multiple roles 
and diverging responsibilities. 
 This paper sees CCS as possible and necessary, but difficult to implement within 
current global political frameworks and national and international commercial settings. Based 
on the observed obstacles barring implementation of CCS the question of whether some of 
these obstacles come as consequences of systemic faults in our society is also asked.  
 
Key Words 
CCS, Carbon dioxide capture, compression, transport, injection and storage, CO2, carbon 
dioxide, value chains, climate mitigation, global warming, green house gasses, Kårstø, 
Sleipner, Utsira, Mongstad, Halten, Draugen, Heidrun, Tjeldbergodden, SCC, social cost of 
carbon, STS, science and technology studies, ANT, actor-network theory, CSR, corporate 
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 1
Carbon Dioxide Capture and Storage – ESST 2007 
Acknowledgements 
First and foremost hearty thanks to all the interviewees for sharing your time and insights. 
Without you this would of course not have been possible. We talked of so much, in such 
magnificent detail and such grand totality. Alas I have had to reduce it all onto only a few 
pages. Not all your points are conveyed herein, not all your thoughts are expressed, not all 
your arguments followed. But without all of them this paper would not be what I hope it is. I 
hope I have answered your expectations. 
 For giving me so much time within a jam packed schedule, for buying me lunches at 
Veritas and not minding me talking too much and incoherently while at the same time trying 
to eat, I send the warmest of thanks to Frøydis Eldevik. You have gone far above and beyond 
what I even dreamed of. You have freely shared your insights and your contacts. Tusen takk 
Frøydis.  
 Åke Dalin has, as always, been a demanding and appreciative academic with which to 
carry out discussions. Thank you for always being generous with your time, your observations 
and your encouragement.  
 Thank you, Barbro Nordby, for trying to get me to write what I mean, for sharing so 
unselfishly and for being so encouraging. 
My gratitude to supervisor Ger Wackers. Thank you, Ger, for good lunches in 
Maastricht, your hospitality in Narvik, many clarifying comments, discussions of technical 
minutia, for showing me where to find a topic and for supporting me in my quest to put this in 
a societal and systemic perspective.   
A warm hug to Karianne, for being there when most needed, for believing in me and 
for remembering to tell me so. Tusen Takk. 
 
Any omissions, mistakes or wrong doings are of course wholly my responsibility.  
 
Enjoy your reading; I have certainly enjoyed the learning and the writing.  
  
 2
Carbon Dioxide Capture and Storage – ESST 2007 
CONTENTS: 
SUMMARY................................................................................................................. 1 
KEY WORDS ............................................................................................................. 1 
ACKNOWLEDGEMENTS .......................................................................................... 2 
LIST OF ILLUSTRATIONS ........................................................................................ 6 
CHAPTER 1: OPENING SCENE ............................................................................... 7 
1.1 Introduction and research question............................................................................................................... 7 
1.2 Briefly on theory.............................................................................................................................................. 9 
1.3 Method; research and analysis .................................................................................................................... 10 
1.3.1 My level of analysis ................................................................................................................................ 10 
1.3.2 Method .................................................................................................................................................... 11 
1.3.3 The interviews ......................................................................................................................................... 12 
1.4 Talking technology........................................................................................................................................ 13 
1.5 The Structure of this paper .......................................................................................................................... 13 
1.6 Notes on reading this text ............................................................................................................................. 14 
CHAPTER 2: ACTOR-NETWORK THEORY........................................................... 16 
2.1 Network.......................................................................................................................................................... 17 
2.2 Actors ............................................................................................................................................................. 18 
2.3 Non-theory theory, non-framework framework ........................................................................................ 18 
2.4 Translation, association and enrollment ..................................................................................................... 19 
2.5 Obligatory point of passage.......................................................................................................................... 20 
2.6 Rendering....................................................................................................................................................... 20 
2.7 Identifying passages ...................................................................................................................................... 21 
2.8 Passages and obligatory passage points....................................................................................................... 22 
2.9 Using this method.......................................................................................................................................... 22 
CHAPTER 3: THE UNACCEPTABLE DETRITUS OF MODERNITY ...................... 23 
3.1 Can we sweep it under the rug?................................................................................................................... 23 
3.2 CCS as one of the solutions .......................................................................................................................... 26 
 3
Carbon Dioxide Capture and Storage – ESST 2007 
CHAPTER 4: LAWS, REGULATIONS AND QUOTAS ........................................... 28 
4.1 Laws and regulations .................................................................................................................................... 28 
4.2 Quotas ............................................................................................................................................................ 28 
CHAPTER 5: CARBON DIOXIDE CAPTURE AND STORAGE, ENHANCED OIL 
RECOVERY AND KÅRSTØ..................................................................................... 30 
5.1 What is it they suggest doing?...................................................................................................................... 30 
5.2 De-carbonized fuel ........................................................................................................................................ 31 
5.3 Primary CCS targets .................................................................................................................................... 32 
5.4 Carbon dioxide .............................................................................................................................................. 32 
5.5 Alternatives to post combustion................................................................................................................... 33 
5.6 Kårstø – an example ..................................................................................................................................... 34 
5.7 Naturkraft...................................................................................................................................................... 35 
5.8 The CCS plant ............................................................................................................................................... 36 
5.9 Compression and drying............................................................................................................................... 40 
5.10 Pipe line or ship ........................................................................................................................................... 41 
5.11 Types of storage........................................................................................................................................... 41 
5.12 CO  captured versus CO  avoided and a short repetition2 2 ...................................................................... 43 
5.13 Flue and natural .......................................................................................................................................... 43 
5.14 Kårstø, cost and prices................................................................................................................................ 44 
5.15 Closing the chapter ..................................................................................................................................... 45 
CHAPTER 6: MONGSTAD, HALTEN CO  AND OTHER PROJECTS PLANNED OR 
CANCELED
2
.............................................................................................................. 47 
6.1. Mongstad ...................................................................................................................................................... 47 
6.2 EOR and Halten CO2 ................................................................................................................................... 48 
6.3 Why EOR using carbon dioxide is not being done and why it is costly.................................................... 49 
6.4 Increased natural gas sales........................................................................................................................... 51 
6.5 State force ...................................................................................................................................................... 51 
CHAPTER 7: A CASE OF RHETORIC – STATOIL AND SHELL ........................... 52 
7.1 Sleipner, Snøhvit and Mongstad.................................................................................................................. 52 
 4
Carbon Dioxide Capture and Storage – ESST 2007 
7.2 Halten CO : a cancelled value chain2 ........................................................................................................... 53 
7.3 Oil Sands and oil shale.................................................................................................................................. 54 
7.4 Summed up .................................................................................................................................................... 55 
CHAPTER 8: PASSAGES ....................................................................................... 56 
8.1 Traversing passages ...................................................................................................................................... 56 
8.2 Classification of passages.............................................................................................................................. 57 
8.3 Minor passages .............................................................................................................................................. 58 
8.4 Major passages and an interim conclusion ................................................................................................. 59 
8.5 Strategies........................................................................................................................................................ 60 
CHAPTER 9: STATE AND INDUSTRY (AND CAPITALISM) ................................. 61 
9.1 A missing market .......................................................................................................................................... 62 
9.2 Corporate Social Responsibility................................................................................................................... 64 
9.3 Discretionary power, discretionary space, state control ............................................................................ 65 
9.4 Capitalism...................................................................................................................................................... 66 
CHAPTER 10: CONCLUSIONS............................................................................... 68 
10.1 Global warming........................................................................................................................................... 68 
10.2 CCS is technologically possible .................................................................................................................. 68 
10.3 CCS is not being implemented ................................................................................................................... 69 
10.4 Corporations and capitalism...................................................................................................................... 70 
10.5 The State ...................................................................................................................................................... 70 
10.6 Remarks to remember ................................................................................................................................ 70 
10.7 Last remarks and my suggestions.............................................................................................................. 71 
APPENDIX 1: GLOSSARY...................................................................................... 73 
APPENDIX 2: SOURCES ........................................................................................ 76 
Interviewees ......................................................................................................................................................... 76 
Other contacts ..................................................................................................................................................... 76 
Printed sources .................................................................................................................................................... 77 
Internet sources ................................................................................................................................................... 80 
 5
Carbon Dioxide Capture and Storage – ESST 2007 
 
List of illustrations 
 
Kårstø Gas Processing Plant and Kårstø Power Plant Cover 
Predicted temperature rises and some effects [© Stern Review] 25 
Open cycle gas turbine generator 27 
Naturkraft’s Kårstø plant 35 
Combined cycle gas turbine generator 35 
Detail of gas turbine 36 
Steam Turbine 36 
The Chimney at Kårstø 38 
Simplified schematics of amine based capture process 40 
Simplified look at State involvement at Kårstø Power Plant 63 
 
 
All pictures and illustrations, except where otherwise noted, are mine.  
 
 6
Carbon Dioxide Capture and Storage – ESST 2007 
Chapter 1: Opening scene 
It was a good day for a personal guided tour of the Kårstø gas fired combined cycle turbine 
power plant. In fact any day is a good day to crawl inside the belly of such a technological 
beast. As a guide I had John Harald Breivik, Senior Technician at Naturkraft. We had donned 
protective goggles, gloves, hard hats and fire retardant suits. Upon entering the building I was 
immediately impressed with the way he knew the plant. It was not yet finished, had not at this 
point even been test run, but he showed me around as if he and the plant were old friends. We 
went up narrow staircases, through mazes of workers, tools and parts and into the turbine 
room proper. I know turbines from aircrafts fairly well, so I found the Siemens turbine in 
front of me quite large, it was far too large to have fitted on any aircraft I have been close to. 
Yet after a while it became small, this little thing, capable of such massive output, residing 
inside this gigantic structure of a building; a gas turbine house filled to the breaking point 
with air intake ducts, steam pipes, hydrogen gas pipes for generator cooling, natural gas pipes 
for turbine fuel, electricity cables for the pumps, control cables for monitoring and safety 
devices, gangways for inspections, the big yellow steam turbine shroud and the generator 
itself. The whole exhaust system and heat exchanger were in an adjacent structure. Probably 
because it made sense to the designers, but it felt like they had run out of room. Everywhere 
there were workers finishing up what I was told were last minute details, but it still looked 
like they had lots left to do. It was surprisingly dirty and chaotic, the noise was deafening and 
I heard at least four different languages spoken.  
  We spent several hours walking, talking and enjoying the privilege of seeing it all up 
close. We had truly seen it all, including the heat exchangers and the control room. Yet there 
was one thing we never saw. Nowhere, inside or outside, were there any hints of a coming 
carbon dioxide capture and storage solution. Not a single valve, piece of pipe, length of cable 
or other object specifically related to the carbon dioxide capture and storage plant that the 
general public in Norway, myself included, expects to be built at Kårstø. 
 
1.1 Introduction and research question  
Capture and storage of carbon dioxide, CCS, as a climate mitigation initiative is neither 
impossible nor unrealistic. In fact it is currently the only solution available for burning fossil 
fuels without emitting harmful green house gasses. It is much more expensive and much less 
desired than the alternatives presently offered, i.e. quotas, continued unabated emissions, 
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transfer to genuine renewables or energy consumption reduction. CCS will need considerable 
technical qualification to succeed, by this I mean development, improvement, testing, 
maturing, verification and certification. Surprisingly enough, given the pressing state of 
climatic affairs, CCS is not being implemented, despite of its feasibility. Why is this? 
 In this paper I will show that according to the Industry, the perceived, overarching 
problem is the State, but that behind this multi-faceted entity, and major stakeholder on many 
seemingly incommensurable and incompatible fronts, lurks an even more complex figure: 
Capitalism, which seemingly supplants Democracy and the common good. Capitalism, or 
rather the Industry, sets the agenda and is allowed to control the discourse on what 
responsible corporate behavior entails and to exempt their profits from being affected and 
reduced by the actual total social costs of their actions. 
 As such the lack of proper response to the climate challenge is embedded in our 
System. And systemic errors need systemic solutions. As I will return to several times I do not 
intend to let my analysis lead to a general critique of capitalism, with or without a capitol C, 
but when systemic errors call for systemic solutions one has to also view the system operated 
within. In chapter 9 I will also return to the definition of capitalism used in this thesis.   
  The capture and long term storage of carbon dioxide has been suggested, and 
supposedly partly tried, as a climate mitigation initiative. By removing this harmful pollutant 
we can continue to burn fossil fuels without climatic degradation. It means we buy more time 
for ourselves to switch to renewable energy sources and it brings pragmatic realism to the 
debate. An industrial scale solution to an industrial scale problem. And a solution, albeit 
temporary, that to a large extent includes measures that will meet public acceptance or 
understanding.  
But before I get way ahead of myself, let me reiterate the points that made me open 
my eyes to this research question and the climate mitigation question in general: are we 
technically capable of implementing CCS? If we are capable, why are we not doing it? What 
force is it that precludes us from doing what at a glance seems to be the only proper, if not 
possible, thing to do? What alternatives, if any, are envisioned by those who block its 
implementation?  
These experiences and thoughts led me to formulate the following research question: 
  
What are the technical, political, social and economical obstacles that have to be 
overcome in order to implement Carbon dioxide Capture and Storage, CCS, as part of 
Norway’s Green House Gas emission reduction scheme? 
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1.2 Briefly on theory 
Writing a technical report on CCS in Norway can very well be done without using actor-
network theory, ANT. This is what Pål Tore Svendsen et al [NVE 2007] have already done in 
their comprehensive and pleasantly accessible report on carbon dioxide handling at Kårstø. 
But my paper is written within the context of STS - Science and Technology Studies or 
Science, Technology and Society as I often say to people unfamiliar with the discipline. 
Within the STS discipline technology and science are not seen as isolated from society. 
Society and technology are mutually constituting and mutually reinforcing. Together they 
create, adapt and mature each other. Development of technology is a social process. 
Technology, whether an object/artifact or a process, does not exist outside of our social realm, 
they are part of what constitutes it. Therefore I do not believe that implementation of CCS in 
Norway is hindered, for example, only by lack of adequate technology, nor do I believe it is 
hindered solely by lack of tax incentives or government grants. Technology and society are 
integral spheres of action.  
In order to find a perspective that includes the societal component and gives a voice to 
all parties involved I have chosen to use actor-network theory, ANT, in my analysis. To me 
ANT is more than a perspective on technology development, it is also about power and who 
wields it. It is a matter of leaving no stone unturned and no connection untested. About seeing 
who attempts and possibly succeeds in controlling the discourse. ANT is not a theory in the 
sense that it explains, predicts or says anything about the topic or object studied. The core of 
the actor-network theory approach is to see who organizes, mobilizes and holds together the 
bits and pieces [Law 1992: 6] to implement their tactics and strategies of power. And it is this 
built in capacity in ANT for seeking out and displaying strategies and counter strategies that 
is useful in understanding the processes and lack of processes for implementation of CCS in 
Norway. 
It is not, nor has been, my intention to develop ANT further. My ambition is to use 
ANT to analyze the empirical data. To use it as the method it is.  
 Apart from an article like Michel Callon’s Actor-network theory - the market test most 
ANT texts are often concerned with processes and stories that have come to an end [Callon 
1999]. My concern here is with a story that has barely started. Parts of the tale have come to 
an end, like the building of the power plant at Kårstø, but most parts of the story are only just 
waking up, like CCS itself. In this respect my use of ANT is somewhat different than usual.  
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 Since my analysis of the CCS question has brought me towards systemic thinking I 
will also briefly discuss capitalism starting with a perspective developed by historian L. S. 
Stavrianos. If Capitalism is at the core of the climate change problem I would like to consider 
how we as a society got to this point and if and how we can move on. But before I come to 
such an elevated level in my text I will also look briefly at corporate social responsibility, 
CSR, because here is a business discipline that purports to work towards the goals I am 
calling for. In both cases, CSR and Capitalism itself, I feel obliged to make what initially 
appear to be detours from my CCS question precisely because they are not detours, but the 
very core of the problem itself. Ending my search with bland answers like ‘lack of incentives’ 
or ‘there is no profit in it’ would simply be to compound to the problem and would not further 
any systemic understanding. 
 
1.3 Method; research and analysis 
As this paper is concerned with an ongoing process I have had to make some concessions in 
order to make the process understandable and to reduce the amount of incoming information. 
As an example the official word on the cancellation of the Draugen/Halten project (explained 
later) came while I was doing the last interview, both the interviewee and I were saddened, 
but not surprised. On a personal level and for different reasons, we, the Actors interviewed 
and myself, all really want to see CCS implemented and working. This paper is an attempt to 
stop the clock for an instant. It is an image of movement and formation, analyzed and 
explained, knowing full well that the process continues as I write these words. While I write 
more knowledge, more information and more experience is produced. New business plans are 
presented, new policies are formed and new politics are revealed. 
 
1.3.1 My level of analysis 
I have tried to position myself amongst the doers, partly from my fascination with technology, 
partly from inspiration of accounts that follow processes and partly because I feel that too 
many analyses move on a plane of abstraction that leaves out the nuts and bolts. I wanted to 
move amongst the people who deal with the practicalities of CCS on an everyday basis, 
whether as government employees, within the companies, in a NGO or elsewhere. To a large 
extent I am satisfied with the level I have moved on. Time has not permitted me to observe 
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laboratory life or technology in the making, only in being physically built, but I have gotten a 
feel for the dynamics of the questions.    
 
1.3.2 Method 
From the start I knew that I wanted to do qualitative interviews that should build on and 
further the information in my written sources. Qualitative interviews that hopefully would 
answer some of the questions that the published texts purposely or otherwise missed.  
 The process through which I have approached the task of writing this paper can be 
divided into four parts:  
1) Reading scientific papers, corporate material and other relevant sources.  
2) Reading and rereading actor-network theory, ANT, and STS literature in general. I 
also read some of Thomas Hughes’ work on Large Technological Systems (LTS) [Hughes 
1987] and some theory on the social construction of technology (SCOT) [e.g. Bijker & Law 
1992 and Bijker, Hughes and Pinch 1987]. While neither LTS itself nor SCOT is mentioned 
explicitly herein, they both have contributed to my thinking and analyzing. Hughes thoughts 
on reverse salients are relevant for my use of passages and therefore further presented in the 
chapter on theory.  
3) Based on reading, the research question and my ideas on how the final paper should 
be, I prepared an interview guide consisting of a set of common core questions/topics and a 
set of questions/topics which were specific to each interviewee. I asked all the interviewees 
the core questions, the specific questions and some questions that came to me in the process. 
The order I did the interviews in was deliberately planned to help me build knowledge upon 
knowledge in the process. As a CCS novice I learned a lot along the way, in fact I am still 
learning.  
4) The last part of my research process is the processing of the data; transcription, 
sorting and ordering of the interviews. Relating the findings from the reading to the findings 
from the interviews. And finally the writing itself. In this way I hope to be able to build a 
structure with a foundation of scientific and technological papers, a superstructure based upon 
my fieldwork and, if this is not pushing the metaphor too far, with my conclusions as the roof 
complete with a chimney sending out smoke to signal my general findings. Others must judge 
if I have succeeded.   
 To help me organize my process, thoughts and work I have used two books: Svein S. 
Andersen Case-studier og generaliseringer [2005]and Robert K. Yin Case Study Research, 
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Design and Methods [2003]. Even if they are not directly visible herein (i.e. quoted from), 
these books have forced me to attempt to bring some order into the research and some 
discipline into my thinking. 
 
1.3.3 The interviews 
To gain an acceptable level of knowledge of that which falls within the rubric of CCS I read 
as much as time permitted. My reading is reflected in the sources quoted. Only when I felt I 
understood the inner workings and intricacies of it all did I feel ready to tackle the 
interviewees. That having been said, I carry no pretensions of being anything but a CCS 
novice. 
 My list of interviewees reads like a who’s who of CCS in Norway. I say this not to 
boast, but because I feel exceptionally fortunate to have been given so much time and 
valuable insight by so many professional actors. The generosity with which they shared their 
time surprised me almost as much as their candor. 
 The interviewees are chosen to represent a cross section of the field. Not in a 
statistically representative way, but more to give me one of each. They are all part of the same 
scene and organizational level. Most of my interviewees spend their working days trying to 
make CCS work, in a practical, technical, or regulatory sense. Some work for the state and 
some in industry. The government aspect is only represented by professionals and not by 
politicians. This in line with my wish to journey amongst the doers. To give me a manageable 
amount of input I carried out ten interviews with a total of eleven people. All interviews 
lasted from around an hour and up to almost two. Approximately half were done in the Oslo 
area, while the rest were done on the West Coast; Stavanger, Karmøy and Kårstø. All 
interviews were carried out in June, except for one done in August. They were all recorded 
digitally and afterwards transcribed. All interviews were held in Norwegian. In addition I 
have had informal talks with different people in the field, including a personal guided tour of 
Naturkraft’s Kårstø plant. 
 All of the interviewees were made aware of the fact that they would be quoted and 
referred to in the text. They all consented to this. Some of them requested seeing the quotes 
and references before publication; in this they have been obliged.  
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1.4 Talking technology 
This paper goes quite deeply into the inner technicalities of the technologies involved. I have 
not accepted only looking at the input and output of black boxes [Latour 1987]. I have 
intentionally opened some of these boxes to attempt to see whether the arguments posited are 
valid. Some of these boxes are not closed yet. I have wanted to be there to see technology in 
the making and in the choosing. Other boxes are more or less closed. The make up of their 
content has been defined and they are becoming black.   
At some point one has to stop, the oft used, even abused, metaphor of the onion is true 
here in the sense that there is layer upon layer of increasing detail. I have let my fascination 
for nuts and bolts be my guiding light and tried to convey some of the details that are missing 
in the public debate, hopefully without completely turning this report into an engineer’s recipe 
book. My mantra has been to explain what I feel needs to be understood, mainly of the 
technologies, but also of other aspects, in order to understand the whole picture.  
 
1.5 The Structure of this paper  
This paper consists of ten chapters. The next chapter is about the main theory I will be using, 
ANT. Here I explain actor-network theory and how I understand and use it.  
Chapter 3 is a glance at the context in which CCS exists. To put it simply; this chapter 
is the reality in which we all live. It contains some figures and scenarios to show the extent of 
our fossil fuel use and the gravity of the climate change situation and its potential outcome. I 
have accepted all predictions for climate change and its consequences at face value. Not 
because they are not constructed truths, but because in this paper they form the context. A 
context that day by day is being less and less questioned, a context that is becoming more and 
more obdurate. My question concerns CCS. This chapter is not pleasant reading; in the sense 
that remaining optimistic is a demanding task. 
Chapter 4 is a brief look at laws, regulations and quotas. How they interact and affect 
the decision to implement or not. 
Next are chapters 5 and 6 in which I attempt to combine an explanation of the 
technologies involved (5) with some of the central cases (6) from the current debate in 
Norway. They are also partly the cases in which the interviewees are involved. It is 
definitively a deep dive, as opposed to a skip across the surface. To me it is important to 
perform such a complete immersion in the nuts and bolts of it all because too often arguments 
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are made without really taking the technological limitations, or potentials, into consideration. 
And because at this stage both the technology and our society is in the (re-)making.  
Chapter 7 is a look at some of the rhetoric used in and around CCS. How corporate 
social responsibility, CSR, deals with the social cost of carbon, SCC. 
My research question finally comes to its own in chapter 8. Here the obstacles that I 
deem most relevant are highlighted. I have sorted them into two categories, based on their 
ability to hinder implementation of CCS projects. The biggest obstacle of them all gets its 
own chapter. 
 As I already have alluded to: my quest for answers has led me to another level of 
abstraction. State and Industry are the protagonists in chapter 9, along with the capitalistic 
system. For despite the many minor and major obstacles illuminated the main obstacle seems 
to be our systems of government, commerce and resource distribution.  
 The tenth and final chapter contains my conclusions. I have done quite a lot of 
concluding along the way, but this chapter attempts to tie it all together and bring some order 
to the pages preceding it.  
 
1.6 Notes on reading this text 
For sake of consistency I refer to CCS as carbon dioxide capture and storage. This is 
synonymous with CO2 capture and storage, as used by some, e.g. the North Sea Basin Task 
Force [2007]. For completeness the acronym CCS should be spelled out as carbon dioxide 
capture, compression, transport, injection, storage and long term surveillance of storage site, 
as this is what CCS really entails. But that is simply too much of a mouthful. So therefore: 
CCS or carbon dioxide capture and storage, without forgetting that the compression, 
transport, injection, storage and long term surveillance of storage sites are also included.  
 The terms CO2 or carbon dioxide are completely interchangeable and denote the exact 
same chemical compound, which by the way is introduced in greater detail later.  
My use of capital letters, where they might normally not be expected, such as with 
Industry, Capitalism and State is done deliberately to remind us all of these entities unified 
way of appearing, acting or being judged. As such they represent actors in their own right.     
For ease of reading I have included a glossary with all the acronyms and some CCS 
specific words as Appendix 1. 
All references with last name and year refer to an author. Reports from Government 
bodies, the United Nations, etc., are referred to by their acronyms. The same acronyms will be 
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found in the bibliography as part of Appendix 2. References to the personal interviews 
conducted are made using only the interviewee’s last name. All direct quotes are given in 
italics. The list of interviewees is included as part of Appendix 2. All quotes from interviews 
are translated from Norwegian to English by me, as are quotes from Norwegian publications. 
Norwegian words are sometimes given in parenthesis to reduce confusion for readers 
familiar with the Norwegian scene. For the same reason acronyms for government bodies etc, 
(e.g. NVE, OED, etc.) are kept in their Norwegian form, initially translated in full. These 
acronyms are all of them spelled out in both languages in the glossary.   
 All amounts in Norwegian kroner, NOK, are also given in Euros, €, using the 
exchange rate of 8 NOK = 1 €. The exchange rate used for US dollars is 1 $ = 6 NOK = 0.75 
€.  
 All pictures and illustrations, except where otherwise noted, are mine.  
This concludes the introduction to the subject, the research question, the theory and 
the shape of things to come. Before presenting the environmental and consumptive context we 
humans have created for ourselves, and the main analysis itself, the next chapter presents the 
method used; actor-network theory, ANT. 
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Chapter 2: Actor-network theory 
Some years ago researchers within Science and Technology Studies, STS, wanted to 
understand laboratory life, the shaping of science, the development of technology and the 
creation of facts as social processes. They wanted to break down the divide between science 
and society, between the making of technology and the shaping of society, to prove that these 
did not exist separately. Thereby truly turning STS into the discipline of Science, Technology 
and Society, instead of studying the S and the T as entities and spheres of action removed, 
estranged and separated from Society. Out of this effort arose, amongst other results, ANT, 
viewing human and non-human actors as strategists attempting to build networks to 
implement their wills and wants. From initially just dealing with science and technology the 
notion arose that it was possible to use ANT beyond the realms of these disciplines; now the 
social was to be explained instead of providing the explanation [Latour 2005: 227]. The oft 
cited slogan of follow the actors themselves [e.g. Latour 2005: 227] was coined. For it was, 
and is, the actors who matter. Because an actor that makes no difference is not an actor at all 
[Latour 2005: 153].  
 This chapter is about a theory that is not a theory, a point I will return to later, and 
about a way of looking at hindrances in processes, some strategies to use and about passages 
and passage points. ANT is an analytical method that includes all stakeholders or actors on a 
given playing field. It is a way of assuring that all aspects and participants are voiced and 
heard. As such it gives a voice to the silent and empowers the underprivileged. But it also 
reveals nodes of power and couplings of vested interests. It tries to reveal how these interests 
are marketed and implemented, which strategies are utilized.  
Here I will attempt to describe how I perceive and use actor-network theory. First by 
describing the words by themselves and what they entail, then I will look at what happens 
when they are combined. After this the concept of obligatory passage point, OPP, is 
explained; it is a way of looking at who controls the discourse, reality and actions and how 
this affects the others. Then I will look at how Moser and Law define and explain the term 
passages and how I will use and build upon this notion. Finally I will compare obligatory 
passage points and passages to see how they differ and how they merge and converge.  
The use of words within ANT does not always match everyday or other academic 
discipline’s usage. With a word like network it is easy to think large complex systems like a 
supplier-retail chain, subways or the internet. An actor-network can be such an entity, but it 
can also denote an entity that in no way resembles a network in the technological or 
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organizational sense, as will be covered later. For a budding academic it is a challenge to 
convey the proper usage and content, not in the least because the words, like network, 
sometimes need to be used in their non-ANT guise. 
The collective body of ANT writing spans more than 25 years, beginning with texts 
like Bruno Latour’s stories from laboratories [Latour 1983, Latour and Woolgar 1979] or 
Michel Callon’s stories of electric vehicles or scallops [1986a, 1986b]. Callon and Latour 
were two of ANT’s founders and are still key scholars in the field. Two other seminal ANT 
scholars, in the context of this thesis and otherwise, are John Law and Ingunn Moser. 
Together the selected works of these four forms the foundation of the ANT used herein. 
As a non-theory theory, or better: method, ANT has undergone several revisions, or as 
Bruno Latour writes it has been recalled [Latour 1999] and later reinstated. Each time the 
non-theory non-framework is strengthened and becomes a more usable tool and a more viable 
analytical mind set. The recalling and the reinstatement show ANT’s strength and resilience, 
but also its plasticity. Even its creators and admirers treat ANT as a malleable entity, capable 
of growing, adapting and maturing. In this light my perspective on ANT is chosen for what I 
believe will work with my analysis.  
 
2.1 Network  
The word network in ANT does not refer to a network in the post internet sense nor in the 
technological sense [Latour 205: 129 & 143]. It is not simply a series of elements with mutual 
connections and interactions. The word network is ascribed to the associations between the 
actors. These are the bonds, but also the strategies and enrollments. The dependencies 
attempted, created and maintained. At the same time the actor is both the network and a point 
therein [Callon, Law & Rip 1986: xvi]. The actor itself constitutes a simplification of entities. 
As opposed to a network in the internet sense of the word, here the actors are both 
heterogeneous and are mutually defined in the course of their association [Callon 1986a: 32]. 
Different and incongruent actors constitute and exert different forces upon each other. Yet a 
powerful actor will de facto become, or want to become, a node, a typical post-internet-
network-type-word, of control, decision and power, stringing its associations between the 
other actors to impose its will. The durability of a network is dependent not only on the 
strength of the bonds of interaction between actors, but also on the durability of the actors 
themselves as networks [Callon 1986a: 32]. Changing a heterogeneous actor-network 
therefore entails changing both the bonds between actors and the actors themselves.  
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2.2 Actors  
What has already been said of the ANT actors? First of all, that an actor that makes no 
difference is not an actor at all [Latour 2005: 153]. Instead of categorizing in human and non-
human the division is between those that matter and those who do not. Those that do not 
matter are merely simple placeholders who are not included. Secondly, that the actors are 
strategists who attempt to implement their own agendas. Thirdly, that the actors are 
heterogeneous entities, even to the extent that the actor itself may comprise a network. In this 
paper the obvious example of an actor-as-network is the State. The State is in one analytical 
instant an actor and in the next instant a heterogeneous network consisting of actors and the 
bonds and associations between them, e.g. regulatory bodies, state owned corporations and 
their interdependencies. Who themselves are actor-networks. It varies with the vantage point 
and analytical goal. An actor-network is simultaneously an actor whose activity is networking 
heterogeneous elements and a network that is able to redefine and transform what it is made 
of [Callon 1987: 93].  
The interdependency between actors leads Latour to use the metaphorical image of the 
actor on a theatrical stage. Each and every actor on stage, a character in a play, is dependent 
on the actions of others. Latour unfolds the metaphor further by saying that the actor’s Action 
is borrowed, distributed, suggested, influenced, dominated, betrayed, translated [Latour 
2005: 46]. And these actions are not driven by some social stuff; they are the very actions that 
constitute the social. The actors, acting on their stage, are both shaping and shaped. As their 
actions affect and influence others, so are they themselves affected and influenced by others. 
ANT does not proclaim to define the building blocks that the social is made of. In ANT that is 
left to the actors. Their actions and inactions define the social, simply because the social is 
constituted by the actors and not by some preconceived ideas of the observer [Latour 2005: 
41] 
 
2.3 Non-theory theory, non-framework framework 
In Reassembling the Social Bruno Latour [2005] has written an imaginary dialogue (it could 
even be called a stage piece for two actors) between a Professor and a Student which leads the 
readers through some tricky sections on, amongst other topics, how ANT is not a theory, nor a 
framework, nor even a tool. But it is a method, or as I have said; an approach. ANT is not a 
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theory in the sense that it does not explain, predict or say anything about the topic or object 
studied. It leaves that to the actors themselves. If they say or do nothing and leave no trace, 
then nothing can be said of them. It is not a framework because a framework is precisely the 
sum of factors that make no difference to the data [Latour 2005: 144]. The idea being to 
describe the situation as it is, instead of forcing into a preconceived mold. And it is not a tool 
because they always modify the goals you had in mind [Latour 2005: 143]. Latour’s example 
is drawing with a pencil versus drawing with charcoal. Both tools make their particular mark 
on the paper and order the drawing differently.  
 
2.4 Translation, association and enrollment 
ANT has also been called the sociology of translation [Latour 2005: 106]. Translation is the 
means and methods by which the different actors (attempt to) enroll the other actors [Callon, 
Law & Rip 1986: xvii]. Enrolling the others into their discourse and onto their stage where 
their rules apply. Rendering yourself indispensable or the detour invisible (both explained 
below) are two strategic methods of translation.   
ANT has also been called the sociology of association because the question is not if 
actors are human or non-human or machine, but of the strength of their associations [Latour 
1987: 140]. These associations are what make it possible for actors to make other actors act or 
behave according to their strategies. Strong associations can give strong results, while weak 
associations may give no result at all. This weakness leads only to strategic impotence.  
The reciprocal action between actors constitutes a main point in ANT. A human actor 
can not simply ignore the effect a non-human actor has on it. The non-human actor, this 
human/non-human distinction will soon be dispensed with, might very well not wish to be 
enrolled in the actors plans. Without placid cooperation the results are not always as the actors 
intended. Enrollment can also be called interessement, interesting or translating [Law 1986: 
70]. It all comes down to a multiplicity of actor-networks each trying to impose its own 
structure [Law 1986: 70-71]. In many cases enrollment is a contest, Law’s example is of 
journals trying to attract (each other’s) readers. It is a matter of enrolling or being enrolled. Of 
setting the agenda or of having to accept the discourse led by others. But enrollment can also 
leave the looser as the outsider. A product of a failed attempt. The power of rhetoric lies in 
making the dissenter feel lonely writes Latour [1987: 44]. Losers are, more often than not, 
lonely. 
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2.5 Obligatory point of passage 
One way of imposing one’s will on the system of actors is to try to establish an obligatory 
point of passage, OPP. To translate...is to oblige an entity to consent to a detour. [Callon 
1986a: 26] This detour is the point which all (other) actors must pass. By establishing a 
passage point and by making it obligatory for all involved, an actor can attain and maintain 
control. And as stated above, translation is about imposing will or structure. It is about 
enrolling the others into your game. About making your strategy stick and countering the 
strategies of others. But the attempt to establish an OPP can also fail. Other entities may have 
succeeded in establishing their competing obligatory points of passage. Translate or be 
translated. Establish an OPP or be forced to make detours through the OPPs of others. As an 
analytical tool OPP clarifies where the associations are going and at which points in space, 
time or task the actors must meet. 
 In this context I will use and identify three different types of obligatory passage points. 
1) An OPP can be the point of resistance, a reverse salient as Thomas Hughes calls it [1987]. 
This is a point to be overcome. Reverse salients are components in the system that have fallen 
behind or are out of phase with the others [Hughes 1987: 73]. 2) An OPP can be the point of 
least resistance, and as such have a pull-effect on the actors. Making something possible or at 
least easier. 3) An OPP can be discursive. It is not a physical, spatial or temporal point, but 
rather a rhetorical tool or move. It is still a way of imposing one’s will. 
 
2.6 Rendering 
An alternative to an explicit OPP is to render the detour invisible [Latour 1987: 116]. In order 
to create acceptance for a point of view or a fact a series of incremental translations are made 
which seemingly create a straight line on which the involved parties recognize their interests 
and a progression leading directly to the envisioned, anticipated, expected and common goal 
[Latour 1987: 116]. The other actors are made to believe that their interests are being served 
and that the presented line of action or reasoning is both necessary and unavoidable.  
A further alternative is to render oneself indispensable. In order to become 
indispensable to the other actors an actor can establish itself as an obligatory passage point or 
establish an obligatory passage point which it controls. By routing activities through its own 
obligatory passage point or itself an actor can control an activity, set an agenda or establish a 
discourse on its own terms, thereby increasing the sphere and scope of its influence.  
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The point of establishing an OPP, rendering the detour invisible or yourself 
indispensable is of course to make the actor-network work for you and your projects [Callon, 
Law & Rip 1986: 105]. 
 
2.7 Identifying passages 
Moser and Law define passages as Movement between specificities [Moser and Law 1999: 
200]. In their use it often constitutes a transition from one physical place to another. Being on 
the platform to being on the train, a movement Liv, the main character of Moser and Law’s 
article Good Passages, Bad Passages [1999], makes with her wheelchair. But the movement 
itself is also a specificity in its own right [Moser and Law 1999: 201]. The passage is also a 
state of being, of moving onto the train.  
 Moser and Law’s concept of passages is quite specific, or rather relates to specific 
specificities that come in the form of networks of heterogeneous materials [Moser and Law 
1999: 201]. They see the passage as being connected in time, place and situation to concrete 
specifics. The passages are good or bad in relation to whether they perform as expected, 
wanted or intended. If Liv is able to board the train via a lift, her intention of getting on the 
train is fulfilled and the passage, materialized by the specific and physical lift, is deemed 
successful, i.e. good. Had the outcome been opposite, if the lift was missing, the passage 
would have been deemed bad [Moser and Law 1999: 196, 205].   
In this paper I will also use passage in a more abstract fashion. The task at hand, the 
implementation of CCS in Norway, is not always quite as physical in its specificity as the 
process of boarding a train with a wheelchair. But the identification of a passage or the task of 
moving smoothly between different specificities [Moser and Law 1999: 205], and the question 
of whether it was passed successfully will nevertheless remain the same. It is possible to 
distinguish a good passage from a bad one, regardless of the task’s specificity. Although, as 
often is the case herein, the passages are merely identified, their passing is still a question for 
the future and as such it is not yet possible to characterize them as good or bad. Or, taking a 
contrary view, if the passage is not implemented, if the action is not acted out, the passage is 
per definition bad, at least for the time being. 
A passage may concern the same specific specificity, but be perceived differently by 
different actors. In a network of heterogeneous actors the passage is viewed differently from 
different vantage points.  
 
 21
Carbon Dioxide Capture and Storage – ESST 2007 
2.8 Passages and obligatory passage points 
Not all passages are obligatory passage points for all actors, but all obligatory passage points 
are passages for all actors, hence the name. Some passages concern only some of the actors, 
but when a passage concerns all actors the two terms converge. This can be conceptually 
tricky because a passage is a hindrance to be overcome, for some or all of the actors, while an 
obligatory passage point is a common point in space, time or task that has to be overcome, 
traversed or otherwise taken into account. This common point may well, but does not have to, 
be a hindrance. It can become the point of least resistance. Furthermore, if all actors must take 
an obligatory passage point into consideration then this applies also to the actor which has 
succeeded in establishing itself as an obligatory passage point. The actor has defined part of 
the playing field, but has simultaneously locked itself into a position in space, time or task. 
Regardless of whether this position facilitates or restrains the actor’s actions and strategies. 
  
2.9 Using this method 
These are the pieces of method the ANT-approach I use contains. With them I will face the 
research question in front of me. ANT is a method for understanding actors, their strategies 
and associations. Finding OPPs, passages and renderings that in different ways affect the 
other actors and their decisions. It is this openness to strategies and equality between actors 
that makes ANT applicable to CCS and the questions asked here. 
 As stated in chapter 1 and above; ANT is not a theory that claims to contain answers 
or predictions. It does not say: ‘if y – then z’. It would have been nice to have a formula to put 
my data into that would give an unequivocal answer, but I do not believe such a tool exists for 
questions like these.     
Before using this method I will take a look at the dismal human made reality 
surrounding us, the consequences our influence on the climate has and some predictions on 
how the future will be if we neglect to act.  
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Chapter 3: The unacceptable detritus of modernity 
This chapter is a grim reminder of the size of the problem and how entwined in and dependent 
upon, the fossil fuel economy we all are. Switching off or switching over is not easy. The 
consequences might be dire, but we seem somehow transfixed and immobilized. Our modern 
society produces wastes that might very well spell the end of us. 
 
3.1 Can we sweep it under the rug? 
We burn fossil fuels in our cars. We burn it in our ships, airplanes and even some of our 
trains. We burn it to heat and cool our offices, factories and homes. 81% of our primary 
energy comes from fossil fuel. 66% of the world’s electricity is produced with fossil fuels. 
Even though fossil fuels have slightly reduced their share of the world total primary energy 
supply from 86.6% in 1973 to 81% in 2005, mostly due to an increase in nuclear power, the 
consumption in real numbers is up from 5 307 Mtoe1 to 9 262 Mtoe. Almost a doubling in 12 
years. (Figures above from 1973/2005 for oil, gas and coal.) [IEA 2007: 6, 24] Fossil fuels are 
major ingredient in the production of many chemicals, plastics and other materials. Fossil 
fuels are an integral and seemingly inescapable part of our everyday lives. Yet two major 
reservations must be made. Firstly, that we only encompass a fraction of the world’s 
population, and, secondly, this consumption can not continue in its present form and at its 
present rate. Not only will we run out of oil and gas, but before that happens we will have 
caused irreparable damage to our fragile planet’s already ailing ecosystem because most of 
these uses of fossil fuels lead to green house gas emissions [e.g. WG I: 2,12ff, WG II, WG III, 
SRCCS].  
 The problem is that burning hydrocarbons releases, amongst other substances, carbon 
dioxide (CO2) to the atmosphere. Carbon dioxide is one of many green house gasses, GHG, it 
represented 77% of total anthropogenic [human made] GHG emissions in 2004 [WG III: 35]. 
The burning of fossil fuels is the major contributor to CO2 emissions [WG I: 2]. GHGs all 
contribute to global warming, GW, and the subsequent challenges (read: catastrophes and 
crises) this global warming can and will predictably entail.   
As an example of green house gas emissions from the petroleum industry: the 
extraction of crude oil often brings with it so called associated (natural) gas. This gas is in 
                                                 
1 Mtoe = million tonne (metric ton) oil equivalent, the equivalent to 1 metric ton of standard oil. Standard 
industry unit of measurement. (I consistently use ton for metric tonne.) 
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many places burned off because that is cheaper and easier than commercializing it2. The joint 
industry - government initiative Global Gas Flaring Reduction Partnership, GGFRP, estimates 
that over 150 billion cubic meters of natural gas are being flared and vented annually. That is 
equivalent to...30 per cent of the European Union’s gas consumption...Gas flaring also adds 
about 390 million tons of CO2 in annual emissions. This is more than the potential yearly 
emission reductions from projects currently submitted under the Kyoto mechanisms [Kaldany 
2006: 5]. These figures say nothing of the emissions from the crude and its refined products 
(i.e. the actual fossil fuel consumed), the energy needed for its extraction, refining or 
distribution. 
 The total estimated annual GHG emission for 2004 was 49 GtCO2-eq [WG III: 2]. This 
means that all green house emissions for that year were equivalent to 49 Gigatons3 of CO2 
emitted. In the period from 1970 to 2004 GHG emissions increased 70% [WG III: 2]. 
Emissions are of course a consequence of wealth: 20% of the world’s population account for 
46% of the emissions [WG III: 3]. In 2005 Norway’s GHG emissions totaled 55 Mt CO2-eq of 
which CO2 constituted 44 Million tons [LUU 2006: 24]. Per capita emissions in Norway, 
while lower than in North America or Russia, are approximately 5 times higher than in areas 
like China, Africa, Asia or India [LUU 2006: 25].    
 While carbon dioxide is a natural part of our atmosphere and plays a vital role for 
instance in plant photosynthesis, too much of it is not a good thing. Since pre-industrial times 
the concentration of CO2 in our atmosphere has risen from 280ppm4 to 379ppm in 2005 [WG 
I: 2]. According to the United Nations Intergovernmental Panel on Climate Change, IPCC, the 
consequence of this rise is an almost 1°C increase in average global temperature [WG I: 5]. 
This temperature increase has to a large extent been caused by the release of anthropogenic 
CO2. The consequence of the projected future rise is even worse. A doubling of atmospheric 
carbon dioxide levels, from pre-industrial, will according to the predictions entail an increase 
of between 2°C and 4.5°C in global temperature [WG I: 12]. 
The practical consequences of the current and predicted temperature rise is a wide 
spread change in the world climate and in most ecosystems. The polar icecaps are melting, 
along with glaciers on Greenland, in the Himalayas and in all other mountainous regions. 
Glacial melting results in floods, erosion and droughts. Spring comes earlier and plants and 
animals are changing habitats and habits. All these changes have been predicted, but not at the 
                                                 
2 In many countries, Norway and the company Statoil being prime examples, a conscious effort has led to 
dramatic reductions in venting and flaring of associated gas. It is possible. 
3 A gigaton is the same as 1 billion (metric) tons. 
4 ppm = parts per million 
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current alarming rate5. The table below, from the Stern Review, shows the predicted increase 
in temperature and some practical consequences based on current scientific knowledge. The  
 
 
   Predicted temperature rises and some effects [Stern 2007] 
 
sea level will rise and cause problems in many of the world’s big cities, phenomena we 
currently call natural catastrophes like storms, droughts and heat waves will increase in 
magnitude and frequency and food crop yields will be reduced in many areas. To name but a 
few examples. 
There are (at least) three alternatives for reducing green house gas emissions: 1) 
reducing consumption, 2) switching to renewable energy sources (neither of which will be 
discussed further in this paper) and 3) capture and long term storage of some of the green 
house gasses produced by burning fossil fuels, of which CCS is the obvious alternative. We 
attempt to implement CCS because as a society we need these fuels, with or without CCS 
[Mathiassen]. It is not as if the alternatives are breathing down our necks [Sletten]. We will be 
dependent on these fuels at least until 2050, and probably beyond [Lima]. The Stern Review 
clearly states that the coming changes in the next half century are difficult to counter. But that 
what we do in the next 10 or 20 years can have a profound effect on the climate in the second 
half of this century and in the next [Stern 2007: i]. 
                                                 
5 Based on a. o. IPPCC’s WG I-III, NSIDC data, LUU 2006 and the Stern Review. 
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We are able to begin to understand the price of capturing and storing carbon dioxide, it 
is the cost of not doing it we can not envision [Mathiassen]. Mitigation, like CCS, must be 
viewed as an investment, a cost incurred now and in the coming few decades to avoid the 
risks of very severe consequences in the future [Stern 2007: i]. 
 
3.2 CCS as one of the solutions 
Within the total GHG emission reduction scheme, CCS can function as one of the solutions. 
At the very least it can reduce the CO2 emissions to the atmosphere from sources that we for 
societal reasons do not shut down or otherwise harness. I say reduce as opposed to remove 
because current projects have an anticipated rate of capture at typically around 85%, due in 
part to the accompanying increase in energy consumption caused by the CCS process. So, 
although CCS does nothing in itself to facilitate a transfer to other non-fossil fuel energy 
regimes, it does buy us a bit of time and it does remove what would otherwise be released into 
the atmosphere. Therefore, as one interviewee said, if you take the climate challenge 
seriously, you have to be in favor of carbon dioxide capture and storage [Kristiansen]. 
Enrolling others into this train of thought is one way to give direction to the discourse. If all 
other routes are made illegitimate then this detour is both invisible and inevitable. Taking 
CCS seriously becomes an obligatory passage point in a discursive sense.  
Carbon capture and storage is a global solution to a global problem. But it is necessary 
to understand that it is also a very Norwegian solution to a Norwegian problem. Not that 
carbon dioxide produced in Norway is more of a green house gas than if produced elsewhere. 
The point to bear in mind is that this solution in many respects is based on the assumption or 
premise that emissions from for instance the Kårstø gas fired power plant is one of Norwegian 
society’s greatest problems, environmental or otherwise. The Germans don’t understand why 
we want to clean something so clean I was told by a senior technician at Kårstø in a personal 
interview [Breivik]. He had talked to German colleagues operating coal fired power plants 
with much larger emissions per kWh produced and for which no plans for implementation of 
CCS exist, because in the European Union a conventional gas fired power plant is viewed as 
the best available technology, BAT, far better and cleaner than the coal alternative 
[Svendsen]. In Norway a fossil-fueled plant is not viewed as BAT unless it includes a CCS 
solution. In spite of this, non-capture coal plants are still being planned in Germany and 
elsewhere, a politically unthinkable situation in Norway. Or is it? Like many bold statements 
this one needs a bit of qualification: Statnett is building two gas powered plants without CCS 
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in mid-Norway. These have so far escaped political demands for CCS because they are seen 
as ‘temporary’ and ‘small’. But the main point remains: CCS is mandatory for large and 
permanent fossil fueled power plants in Norway. Eskom, the South African state owned 
power utility, to quote an international example, is planning two large open cycle gas turbine 
electricity plants without CCS [Ford 2007: 22]. Bear in mind that open cycle technology does 
not utilize any of the residual combustion energy in the exhaust gas as is done at for example 
Kårstø using steam boilers to convert heat to electricity. See illustration below for simplified 
schematic of open cycle technology. Illustration of combined cycle is provided in chapter 5 
about Kårstø. In China one new coal powered plant is brought on line each week [Lima]. 
None of them with CCS and all of them larger polluters (CO2, NOx and particles) than for 
example Kårstø. As Principal Engineer Odd Magne Mathiassen of Oljedirektoratet, OD (the 
Norwegian Petroleum Directorate), said: It is quite safe to assume that 5 billion kroner 
(625M€) would not be best spent on CCS in a Chinese context [Mathiassen]. He sees more 
pressing problems, both for China’s environment and Chinese society in general. For 5 
BNOK one should first look at other alternatives for a Chinese context. But this does not 
mean that these professionals are opposed to implementing CCS in Norway. Quite the 
contrary. We have come so far in satisfying our needs that [global warming and the 
implementation of CCS] becomes a very pressing problem for us said Bjørn-Erik Haugan, the 
director of Gassnova, the state funded center for gas power technology and CCS. He goes on 
to say that as a nation Norway can show what is possible, pave the technological way and 
then spread the results world wide. This nation can start the world upon a road to collecting 
and pacifying some of the detritus of modernity. 
 
 
Open cycle gas turbine generator   
 
These are the consequences of our consumptive lifestyle and some alternatives to help 
us cope with them. In order to implement CCS many passages must be surmounted. Amongst 
them the laws, regulations and quotas in the next chapter. 
 27
Carbon Dioxide Capture and Storage – ESST 2007 
Chapter 4: Laws, regulations and quotas 
This short chapter touches on two different subjects that affect CCS in a similar way. Both are 
part of the process of implementing the technology and part of the basis for the decision of 
whether to implement or not. Amongst the interviewees regulations are seen as a passage that 
can be traversed, while quotas are seen as a competitor in the sense that the price of quotas, as 
a legal and easily implemented alternative, is a direct threat to CCS. Intentionally or not, 
quotas have become an OPP of least resistance for many GHG emitters. 
 
4.1 Laws and regulations  
The London and OSPAR (Oslo & Paris) treaties cover different territories and different 
aspects of marine pollution, including the depositing of matter in the sea bottom. These 
international agreements were all drawn up before the storage of carbon dioxide became a 
question. Changing them was initially thought of as a daunting task. Today they have been 
partially revised and changed. There is broad consensus that the remaining changes will be 
made to allow for geological storage of CO2 as a climate mitigation measure. These changes 
have taken time, but they have all moved in the right direction [Svendsen, Christophersen]. 
One condition set will probably be that the stored CO2 is not contaminated by other 
chemicals, such as amines [NVE 2007: 65]. 
  
4.2 Quotas 
Under the United Nations Framework Convention on Climate Change the Kyoto Protocol is a 
legally binding agreement on GHG reductions between most of the world’s nations. The 
protocol regulates the emissions from industrialized countries in the period from 2008 to 
2012. In addition to reducing domestic emissions there are 3 mechanisms for fulfilling the 
emission commitment within the Kyoto Protocol: 1) buying available quotas, 2) Joint 
Implementation - investing in emission reducing projects in other industrialized countries and 
3) Clean Development Mechanism - investing in emission reducing projects in developing 
countries without Kyoto commitments and receiving quotas for the emission reduction [LUU 
2006: 23-24]. In addition there is a certain amount of free quotas available in each country. 
 Quotas are said to be an effective method of reducing emissions by removing or 
reducing the easiest sources. But the whole quota trade system can also be seen as a remission 
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of punishment, like a letter of indulgence [Haugan]. One can simply buy forgiveness, as 
opposed to cleaning up or not polluting at all. Therefore it does not necessarily reduce or 
remove emissions as much as just move them. I mention them here, despite what I wrote 
earlier about only focusing on CCS, because quota prices are by many seen as a direct 
competitor to CCS, due to the price. Why should a business with only commercial interests 
implement CCS if buying quotas is a cheaper alternative? There is broad consensus though 
that, given time, the price of quotas and the price of CCS will converge [Kristiansen, Graff, 
amongst others]. And further on, hopefully in the not too distant future, high quota prices will 
lead to implementation of CCS as the cheaper alternative [Kristiansen]. Another alternative is 
to consciously invest in technology development to bring the CCS price down to the quota 
price level, thereby triggering wide spread CCS [Kristiansen]. In the meantime CCS will have 
to be implemented for other reasons; ethics, morals and quite simply because it is the proper 
and decent thing to do [Rønning]. 
 Currently quotas whether they are free or just cheaper than CCS, can be seen as an 
OPP of least resistance. The challenge is to make CCS a forceful OPP. The next chapter 
covers some of the aspects involved in this.  
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Chapter 5: Carbon dioxide capture and storage, enhanced oil recovery and Kårstø 
With the problem of global warming well established, and carbon dioxide capture and storage 
viewed as part of the solution, the fact is that it remains to be seen if and when CCS can and 
will be implemented.  
In this chapter I will explain the basic technologies of CCS using a couple of 
Norwegian projects as illustrative cases6. I will look at the possibilities and limits of CCS, 
different types of technologies used or proposed in capture and storage and some of the 
elements constituting the costs involved. Even though some of the actors sometimes make it 
seem like this is all off the shelf technology, it is important to remember that the question of 
whether this is possible is yet to be answered. I will explain capture, compression, transport 
and storage using the Kårstø gas fired power plant as a starting point. The two natural 
gas/liquefied natural gas projects Sleipner and Snøhvit will be visited briefly to explain the 
difference between capturing carbon dioxide from natural gas and flue gas and to illustrate 
some of the non-climate mitigation reasons for implementing CCS.  
This chapter and the following one are not only technical accounts of CCS and an 
introduction to the realities in Norway, but they are also intended as background for, and 
introduction to, the subsequent chapters on the obstacles encountered in implementing CCS in 
Norway and how the different actors act, relate and cooperate.  
Although it is a technical account I have chosen to include not just facts and hard 
technicalities, because within technology are embedded the challenges and the politics, and 
vice versa. Therefore I will also include some of the challenges and some preliminary 
problems and judgments.  
But first, a small repetition:  
 
5.1 What is it they suggest doing? 
Burning fossil fuels produces amongst other byproducts the unwanted green house gas carbon 
dioxide. In theory it should be possible to capture and store this gas in order to prevent it from 
                                                 
6 The information in this chapter is based on various sources: The IPCC’s Special Report on Carbon dioxide 
Capture and Storage, SRCCS; The NVE’s Kårstø report; LUU/Lavutslippsutvalget (NOU 2006:18)(the Low 
Emission Report from Norw. Gov.); various technical literature; assorted company brochures; personal visits and 
interviews. IPCC is the United Nation’s Intergovernmental Panel on Climate Change, the international scientific 
body, consists of scientists from the whole world and is organized in three Working Groups. Norges Vassdrags- 
og Energidirektorat, the Norwegian Water Resources and Energy Directorate, NVE, is responsible for 
administering the water and energy resources in Norway. NVE is subordinated to the Ministry of Petroleum and 
Energy. 
 30
Carbon Dioxide Capture and Storage – ESST 2007 
contributing to the green house effect. Carbon dioxide capture and storage, CCS, is an 
enticingly simple idea. The problem with simple ideas is that they are always more 
complicated in reality.  
The conceptually simplest way to achieve reduced emissions is to remove the carbon 
dioxide from the exhaust gasses produced by the device consuming fossil fuel. Instead of 
permitting it to escape it has to submit to being enrolled in another plan. Picture a box 
connected to a car’s exhaust system, not unlike the catalytic converter that is already fitted to 
reduce the toxicity of the exhaust gas. This CCS box, for lack of a more precise label, would 
then capture and store the carbon dioxide produced by the combustion of fossil fuels in the 
engine. As such it would constitute a typical end of pipe technology: it does not solve the 
initial problem, the creation of carbon dioxide, but it does solve its problematic consequences, 
the emission of a green house gas. In this way we could keep on driving cars without 
adversely contributing to the earth’s future. One passage surmounted, by way of enrolling the 
car’s emissions. 
Enticing as the example with the car may be, current research and development on 
CCS focuses mainly on much larger sources of carbon dioxide emissions than vehicles, 
airplanes or ships. The technology available today, and in the foreseeable future, is simply too 
bulky to be practicable for mobile sources or even smaller stationary ones such as building 
boilers and most factories. Therefore it is only currently possible with large sources like the 
Kårstø power plant. 
 
5.2 De-carbonized fuel 
If one provided vehicles with a pre-cleaned fuel, i.e. a de-carbonized form of fossil fuel, the 
carbon dioxide emission itself would be translated from the vehicles’ exhaust to a central 
processing plant where capture and storage are simplified and made possible.  
Methane is a major component of natural gas. Methane, CH4, consists of carbon and 
hydrogen. By splitting the methane molecule and letting the carbon react with oxygen the 
result is carbon dioxide gas and hydrogen gas. The carbon dioxide can be stored and the 
hydrogen can be used in fuel cell vehicles. Consumption of hydrogen in fuel cells creates 
electricity for motive power and has only clean water vapor as a byproduct. In brief, the two 
major obstacles for implementing full scale hydrogen production from natural gas are; 1) the 
energy needed for the de-carbonization process and subsequent, currently uncompetitive, cost 
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of production for the hydrogen fuel and 2) the fact that there are next to no fuel cell vehicles 
on the streets today. 
 
5.3 Primary CCS targets 
Current work on CCS concentrates on large, single source, emitters of carbon dioxide. In 
Norway the primary target for CCS has been natural gas fired power generating plants not yet 
online or even built. 98.9% of Norway’s electricity is currently hydro electric (2005 data) 
[IEA 2007: 19]. Import from, and export to, the European grid are roughly equal [IEA 
Country Statistics 2004]. The power plant at Kårstø, which has recently been opened for test 
production, is Norway’s first on shore, full scale, national grid, non-renewable electricity 
producer. In addition to Kårstø there are plans for other fossil fuel (gas and coal) full scale 
and smaller and temporary power plants. Some of these projects have their license while 
others are much further down the line. All future full scale plants will need CCS solutions in 
order to fulfill their license conditions. 
Other large sources that have been deemed viable for CCS are refineries, hydro carbon 
chemical plants, cement kilns, iron ore smelters, furnaces, refiners and fiber glass insulation 
factories. In a Norwegian context there are some industrial sources of CO2 already in 
operation large enough to warrant CCS, like cement factories or smelters, but these are 
geographically scattered and are mostly located far away from the potential storage sites.  
On a global scale there are 4900 plants with CCS potential in operation today. 
Implement CCS on these and world CO2 emissions will be reduced by 40% [Graff]. Which 
makes for some charmingly large figures, as one interviewee put it [Svendsen]. 
  
5.4 Carbon dioxide 
Carbon dioxide is a naturally occurring chemical compound. Each carbon dioxide molecule 
consists of one carbon atom and two oxygen atoms. In its gaseous form it surrounds us as part 
of the atmosphere, albeit in a tiny concentration of currently only 370 parts per million by 
volume (ppmv7) [SRCCS: 385]. But, not to forget, a concentration that has dramatically risen 
since the dawn of the industrial era and a concentration that is climatically problematic. The 
gas is non combustible, 1.5 times denser than air and non toxic at low concentrations. It is a 
                                                 
7 parts per million by volume, slightly different from ppm which is parts per million in particle count, in practice 
the same figure, both given by WG III. 
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vital part of plant’s photosynthesis and in human metabolism. The term anthropogenic carbon 
dioxide is often used in a CCS/climate mitigation context, it simply denotes that the source is 
human made, e.g. fossil fuel combustion, fermentation of plant material, human breathing and 
other human activities [SRCCS: 385, 402]. All reference to carbon dioxide in this paper refers 
to anthropogenic CO2. 
  In addition to the three normal phases; solid, liquid and gas, CO2 can also occur in a 
super critical state. This fourth phase is similar to the liquid phase and occurs only at 
pressures above 73.9 bar [SRCCS: Annex 1]. For the purpose of understanding the behavior 
of CO2 in a CCS context there is no need to distinguish between the liquid and super critical 
states. Most phase changes, such as compressing from gas to liquid or super critical, the two 
phases necessary for transport in CCS, entails using energy for compression and removal of 
the subsequent heat generated. For practical purposes this means that considerable amounts of 
energy need to be invested in making the captured carbon dioxide ready for transportation. 
But once compressed to either the liquid or the super critical stages the transportation is easy, 
for instance requiring less energy to pipe than natural gas.  
 Mixed with water a problem arises in this context; the extreme corrosiveness of moist 
carbon dioxide. The solution is to remove the water. The corrosion is in itself an obligatory 
point of passage. Although drying can be seen as a circumvention of this OPP, it still needs to 
be taken into account. 
 Apart from the corrosion carbon dioxide is viewed as a benign gas whose properties 
and qualities are well known and which is easy to handle [Rønning]. Therefore creating 
associations with and enrolling CO2 is deemed as highly likely and fairly easy by the other 
actors.  
 The reason CO2 is discussed here is of course its effect as a green house gas. But CO2 
has some positive qualities and uses. The bubbles in champagne are carbon dioxide naturally 
produced in the fermentation process, while those in sodas and soft drinks are added using 
industrially produced CO2. Because CO2 displaces oxygen and does not entertain combustion 
it is also used in fire fighting systems, for example aboard ships.   
 
5.5 Alternatives to post combustion 
The type of carbon dioxide capture alluded to in the example with the car above is called post 
combustion, the carbon dioxide is removed from the exhaust gas after the fossil fuel has been 
burned. Alternatively the carbon can be removed prior to use: pre combustion. The third 
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method is in some ways a variant of post combustion: oxy-fuel. Here the fuel is enriched with 
oxygen to create a higher combustion temperature and an increased concentration of CO2 in 
the exhaust gas. It is easier and somewhat cheaper to capture CO2 from flue gas with a higher 
CO2 concentration. Flue gas is another name for exhaust, and covers all gasses that can come 
out of a flue or chimney. None of these three methods are neither completely mature nor 
clearly the better one. Several of my interviewees alluded to hopes of a fourth, yet to be 
conceptualized and developed i.e. non existing, method. While oxy-fuel and pre combustion 
may become cheaper than post combustion, they lack the retro fit possibility. Only the fourth 
method is thought to be able to bring a quantum leap in cost reduction [Lima]. The work that 
has been and is being done in Norway in planning full scale CCS projects all entail the use of 
some variant of post combustion technology. 
 
5.6 Kårstø – an example 
The planned building of a carbon dioxide capture and storage solution for Naturkraft’s gas 
power plant at Kårstø is presented here as an example. The technology, ownership structures, 
size and output, geographic location, political importance and proposed solutions are in many 
ways fairly representative of the work being done in this field in Norway today. Kårstø is also 
the only on shore plant currently up and running. Kårstø is as such the most mature project, 
with the turbine already having delivered power to the grid during test runs. Furthermore 
Kårstø has been, and is, also the subject of intense scrutiny due to the fact that the Norwegian 
State has promised, but not vowed, to build the CCS facility for the power plant. Promised, 
but not vowed? The State builds the CCS facility? This does not make much sense, but more 
on this later. As such Kårstø includes most of the hard and soft ingredients pertaining to CCS, 
its implementation and accompanying debate and discussion. A point to repeat is the fact that 
it is the State that is planning to finance, build and operate the CCS facilities at Kårstø. NOT 
the plant owner Naturkraft, which is, as shown below, largely a State enterprise.  
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Naturkraft’s Kårstø plant; (l.-r.) chimney, heat exchanger and turbine house with green air intake ducts 
5.7 Naturkraft 
The company Naturkraft (literally translated: ‘Nature Power’) is jointly owned by the publicly 
held power utility Statkraft (‘State Power’) and the semi-private Norsk Hydro8. They have a 
license (konsesjon) to build and run a gas powered electricity generating plant at Kårstø. This 
license was given amidst much political controversy and disagreement. It actually caused the 
fall of Prime Minister Bondevik’s second cabinet. And this controversy is one of the reasons 
that the succeeding Labor/Center (Rødgrønne) cabinet has vowed and promised to build the 
CCS part of the plant [SoriaMoria 2005]. That this is also a way of satisfying and following 
the European subsidy regulations is another matter [Rønning]. Because the current European 
rules on state subsidies were not made with industrial climate mitigation projects in mind 
[Kristiansen] the State is planning to do it, rather than through a State subsidiary, State 
Company or through the use of subsidies. 
 
Combined cycle gas turbine generator 
                                                 
8 Norsk Hydro Oil & Energy will merge with Statoil, fall 2007 
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 The generating plant at Kårstø is a 430 Megawatt, MW, single shaft combined cycle 
gas turbine, see illustration above. It burns natural gas from the Norwegian Continental Shelf 
in a Siemens turbine, conceptually similar to the engine on an airplane or a helicopter, to turn 
a shaft connected to a generator. On this single shaft is also combined a three stage steam 
turbine. The three stages are high, medium and low pressure steam, respectively. These three 
steam turbines also turn the same generator using the same shaft. The steam is generated in 
boilers from the residual heat in the turbine’s exhaust gas. By using the residual heat in the 
exhaust to drive the steam turbines the efficiency is radically improved, from 34% in a typical 
open cycle application off shore [Sletten] to an estimated nearly 60% at Kårstø [Naturkraft]. 
This is the practical, technological and economic difference between open and combined 
cycle, as noted in section 3.2. The end result is more kWs of electricity produced per unit of 
gas consumed, making it more profitable, but as a positive and direct corollary it also gives 
fewer emissions per kW electricity sold. 
 
            
Detail of gas turbine (helmet in corner for size)        Steam Turbine   
 
 What Naturkraft is NOT building is a CCS solution. Their Siemens turbine generating 
unit is NOT in any way specifically prepared for mating to a CCS unit. Nor does it in any way 
include CCS technology. So when the State wants to implement a CCS solution at Kårstø it 
has to utilize post combustion technology. Naturkraft has de facto already made that decision 
on the State’s behalf.  
 
5.8 The CCS plant 
Norges Vassdrags- og Energidirektorat (NVE / the Norwegian Water Resources and Energy 
Directorate) was, on behalf of the State, given a mandate to do a preliminary feasibility study 
for a CCS facility at Kårstø. This work resulted in the earlier mentioned Kårstø report. This 
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report led in turn to the formation of a task force headed by Ole Rønning, one of the 
interviewees, reporting directly to the Ministry of Petroleum and Energy (OED) with the 
assignment to finalize all proposals in the Kårstø report, negotiate with suppliers, industry 
partners and the proper government agencies and in 2009 present a complete, fully 
coordinated solution which the State may accept or dismiss with possible full operation of the 
CCS plant in 2011 or 2012 [Rønning]. This is within the time frame of the NVE report, but not 
the SoriaMoria declaration (see below) according to Ole Rønning. Only at this time will the 
proper go-ahead for implementation of a carbon dioxide capture and storage solution at 
Kårstø actually be given. Until then it is still only politics and promises. For full scale CCS 
implementation 2011/12 is seen as highly optimistic by many, within the European Union 
there is talk of 2020 as a practical date [Sletten]. Whether it is 2011 or 2020 is not as 
important as the size of emissions towards 2100 [Svendsen]. 
 Much has been said of the current Cabinet’s inaugural declaration (SoriaMoria-
erklæringen9). Let me recapitulate the, in this context, most relevant point very briefly: all gas 
powered electricity plants should be CO2 neutral within 2009 [SoriaMoria 2005: 59]. This is 
the political reason behind the CCS plans at Kårstø. As stated, one of the reasons the State is 
doing it on its own budget is to give the plant owners a competitive chance on a continental 
electricity market operating without CCS demands. The current, and future, need for 
electricity in a central Norway has of course also been a key factor. Norway’s Kyoto Protocol 
emission levels, along with other national environmental goals are also part of the equation. 
Furthermore, the plant at Kårstø will be the meager beginnings of creating a market for CCS 
technologies. In short, the whole question of why it is being built is complicated, contentious 
and contested. What remains to be seen is if these promises and vows are strong enough to 
produce an actual CCS plant at Kårstø. 
 So, the proposed post combustion CCS at Kårstø: what is it they are preparing to 
build? Conceptually it consists of four main components: capture, compression, transport and 
storage. All in all it becomes a physically large, technologically complex, and economically 
demanding industrial endeavor. Due to its sheer size it will never be cheap [Svendsen, 
Rønning]. A roughly estimated figure for electricity produced at Kårstø is 0.30 NOK 
(0.0375€) per kWh without CCS and approximately twice as much with CCS [Svendsen].  
The capture component, which as previously stated in the case of Kårstø necessarily 
entails a post combustion solution, is the first step. As a retrofitted end of pipe technology the 
                                                 
9  The declaration is named after the conference center where it was conceived. A conference center named after 
the much sought after golden castle from the fairy tale, a point not missed by many commentators. 
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whole CCS plant begins where the power plant ends, se picture below. Instead of releasing 
the exhaust straight into the atmosphere the flue gas is piped into the CCS plant. Already at 
this point it is necessary to add energy in order to move the flue gas and not create an 
efficiency reducing exhaust brake for the turbine [Lygre, NVE 2007].         
There are two main ways to remove carbon dioxide from combustion flue gasses, 
either through the use of a membrane barrier technology or by passing the gas through a 
chemical compound which extracts the carbon dioxide.   
 
 
The Chimney at Kårstø, this is where an end of pipe technology would start. 
 
Membrane technology uses fabric-like membrane barriers that allow CO2 to pass, 
whilst other gasses and particles are barred [e.g. Utgård 2007]. Current membrane technology 
does not work properly or efficiently with the low CO2 concentrations, typically 3-5%, or 
pressures found in flue gas from potential sources such as natural gas fired power plants like 
the one at Kårstø. AkerKværner, one of Norway’s leading technology suppliers and an actor 
on the CCS scene, previously had a membrane development project which they scrapped in 
favor of using amine solutions [van Ruijven 2007: 16ff, Graff]. Many still view membrane 
technologies as one of the possible keys to lower CCS costs in the future [Christophersen, 
Utgård 2007: 74]. But until membrane technology is properly qualified, e.g. acceptable OpEx, 
efficiency and reliability, it can not be implemented in full scale applications. 
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Of the chemical compound technologies the alternatives of producing solid carbonates 
or extraction by using chilled ammonia, a process to be tested at Mongstad, will not be 
discussed here. The technologically more mature method of using an amine scrubber or 
absorber, as planned at Kårstø, will be discussed in the following. At Kårstø this technology 
has been chosen because it is a post combustion solution, it is judged as more mature as it is 
already running in large natural gas applications like Sleipner, which will be discussed later, 
and in smaller flue gas applications and it can be delivered for full scale application within the 
required time frame. It is the best available technology, BAT [Svendsen, Rønning, NVE 
2007]. But it has never been delivered in a full scale flue gas application10. 
In the capture component stipulated at Kårstø the flue gas is passed through a scrubber 
containing a chemical compound called an amine solution (see illustration below). Amine 
solutions contain nitrogen groups which react with the carbon dioxide in the flue gas. The 
scrubber is constructed with a large interior surface to ensure ample contact between the flue 
gas and the amine solution. After the amine solution has absorbed the carbon dioxide from the 
flue gas the carbon dioxide has to be removed (stripped) from the amine solution. This is done 
in a stripper, conceptually the opposite of a scrubber. In this way the carbon dioxide is 
removed from the flue gas and isolated, and the amine solution is recycled, ready to absorb 
further carbon dioxide. The scrubbers, the strippers and all associated pumps and boilers are 
sizable structures and consume large amounts of steam to facilitate the reactions and 
electricity to run the pumps, fans, etc. The process releases some amines to the atmosphere 
along with the remaining flue gas, some amines are released along with the carbon dioxide 
and eventually the whole amine solution can no longer be reconstituted, i.e. is no longer 
effective, and has to be replaced, creating a toxic waste that has to be disposed of through for 
example special incineration. The whole issue of the toxicity of amines and the extent of the 
pollution created should be studied in greater detail [Ytreland]. The estimate for Kårstø, with 
a little more than one million tons of CO2 captured, is 1000 m3 of waste amine solution per 
year.  
 
                                                 
10 The Canadian company Fluor, a technology supplier like AkerKværner mentioned elsewhere, delivered more 
than ten years ago a plant for amine based carbon dioxide capture from flue gas in Bellingham, MA in the US. 
The Bellingham plant extracted a relative small amount of CO2 from flue gas for food industry and other 
industrial uses and not as a climate mitigation undertaking. Measured in tons captured it had an output 
approximately one tenth of what is planned at Kårstø. The plant has been stopped and is today for sale. 
Bellingham is important because it was an early demonstration of flue gas extraction technology. As such it has 
attained an almost iconic status. But because of the 1/10th size and the fact that it never attempted to capture but 
a small proportion of emitted carbon dioxide its transferable value as proof of feasibility is contested. 
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Simplified schematics of amine based capture process 
 
Regardless of method chosen to extract the CO2 from the flue gas the process 
demands energy to run and will therefore affect the overall efficiency of the plant. Amine 
technology uses large amounts of steam to capture the carbon dioxide and to regenerate the 
amine solution and needs pumps and fans for cooling, stirring, etc. Bottom line for any chosen 
technology is that in order to produce the same amount of electricity (or whichever product is 
being produced) an increase in kW of energy consumed must be accepted. This increase in 
energy consumption is of course likely to increase the price of the product delivered, possibly 
offset by a saving due to the price of CO2 quotas. 
 
5.9 Compression11 and drying  
The carbon dioxide captured in an amine solution scrubber or a membrane device is in its 
gaseous form at near atmospheric pressure. In order to transport it efficiently it has to be 
compressed to its liquid or super critical stage. This compression, and the cooling it 
necessitates, demands great amounts of energy, usually in the form of electricity. Once the 
carbon dioxide has been compressed to super criticality cheaper and less energy intensive 
pumps can be used for transport and pressure maintenance.      
 
                                                 
11 A footnote on the subject of compression; platform based compressors for natural gas in the North Sea are 
direct driven by gas turbines, usually a 23 Megawatt unit from General Electric [Lygre, Ytreland]. Not only does 
this give an indication of the amounts of energy needed for gas compression, but it is also interesting to note that 
the oft mentioned retro-electrification of installations on the Norwegian Continental Shelf, as a CO2 reduction 
initiative, is not just a matter of plug and play. These turbines must be replaced by electric motors of equal 
output, which are both costly to procure and install and voluminous in build [Ytreland]. These complete platform 
rebuilds are more expensive than installing an electricity cable from the mainland, which for the Gjøa field cost 
approximately 500 MNOK (62.5M€) for the cable alone [Ytreland]. 
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5.10 Pipe line or ship  
Depending on the distance, the expected duration and the amount of carbon dioxide to be 
moved, the alternatives are ship or pipe line. For longer distances, smaller amounts or shorter 
periods, the use of LNG (Liquefied Natural Gas) ships is a viable option. These ships use 
large pressurized and insulated tanks to move CO2 in its liquid or super critical state. This 
entails using technology that is already well known from the gas industry, i.e. LNG and LPG 
(liquefied petroleum gas)12. 
For moderate distances, i.e. less than approximately 1000 kilometers, in applications 
with longer durations the use of a pipe line is the best alternative [SRCCS: 192]. The 
technology and materials used are the same as for existing oil/gas/condensate pipe lines 
already in place in the North Sea and elsewhere. As long as the carbon dioxide is dried before 
pumping, corrosion is not a problem and the usual, cheaper, more readily available, carbon 
steel pipes can be used. Carbon dioxide is already being transported in large amounts in the 
US from naturally occurring sources in geological formations to oil fields hundreds of 
kilometers away to be used for enhanced oil recovery (EOR will be explained later).  
 For smaller emission sources and sources that are geographically spread out, a 
combination of the two technologies can be used. The ships can function as feeders, and even 
interim storage tanks, transporting the CO2 to a central pipe line facility. This combines the 
mobility and flexibility of ships with the lower transport costs of pipelines.  
 
5.11 Types of storage  
For storage of CO2 there are different possibilities. The four types of storage described here 
are; in the sea itself, in underground aquifers, in disused gas or oil reservoirs and in producing 
oil reservoirs.  
In Norway the alternative of storage in the sea water itself, has not been seriously 
discussed in the domestic context due to the availability of better alternatives 
[Christophersen].  
The captured, compressed and transported carbon dioxide from Norwegian and 
possibly other European sources is meant to be deposited in the sea bottom beneath the North 
Sea. I will here discuss the three alternatives; aquifers, depleted natural gas and/or oil 
reservoirs and producing oil reservoirs.  
                                                 
12 Well known from the gas industry, but not common on the Norwegian scene where Snøhvit/Melkøya is the 
first LNG plant. 
 41
Carbon Dioxide Capture and Storage – ESST 2007 
The Norwegian state oil company13 Statoil14 has been pumping carbon dioxide 
captured from natural gas at the Sleipner field into the Utsira aquifer for approximately eleven 
years. An aquifer is an underground formation containing saline water, think underground 
pocket of salt water, deep beneath the sea floor and not in contact with the sea water. The 
Utsira formation lies underneath large parts of the Norwegian continental shelf in the North 
Sea. The formation is fairly well mapped out through seismic surveying for oil and gas. Most 
of the wells in the North Sea penetrate this aquifer, adding to the knowledge. Furthermore the 
water from Utsira is used as an enhanced oil recovery, EOR, measure for reservoir pressure 
support at, amongst other sites, Oseberg Øst and Brage [Mathiassen]. The liquid or super 
critical carbon dioxide is pumped through a purpose drilled well and injected into the aquifer. 
Here it will collect in pockets, be partially dissolved in the water and remain. Not all of Utsira 
is equally suited to storage of carbon dioxide; some parts lie too close to the surface, allowing 
the phase change of carbon dioxide into gas, as opposed to remaining liquid, due to the 
reduced pressure, while others do not have the necessary cap rock integrity, meaning that it 
could leak [Mathiassen]. The Kårstø report concludes that the best storage option for Kårstø is 
in the Utsira aquifer, utilizing the Sleipner platform and ancillaries already in use.    
 The next alternative is to inject the CO2 into a disused oil or gas reservoir. All 
abandoned reservoirs are well known through their survey and production history and have 
maintained their integrity, a point proven by the presence of gas and oil when the reservoirs 
were opened for production. Abandoned production wells may be a cause for an integrity 
concern with these reservoirs. With the current oil and gas prices the problem is that many of 
these disused sites in the North Sea will be put back in production using current technology, 
e.g. better EOR, sub sea installations and remote operations, which is radically different and 
cheaper to operate than the technology available when these licenses were closed some years 
ago. This is what is happening to parts of the Frigg and Yme licenses [Mathiassen]. In disused 
reservoirs the trapping mechanisms are different from that of an aquifer.   
In both of these cases the reservoir pressure will be considerably lower than in a 
natural gas reservoir and a breach of integrity, i.e. a leak, will not lead to the kind of violent 
gas blow out we might have seen on television. Carbon dioxide will not come gushing out in 
large amounts. Depending on the depth and other parameters it will remain contained in the 
sea, dissolve in the sea or dissipate from the surface [Mathiassen, Svendsen]. 
                                                 
13 Statoil is jointly privat-public 
14 All references to Statoil herein refer to Statoil before the planned merger with Hydro Oil & Energy  
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 The third option is to use the carbon dioxide for Enhanced Oil Recovery, EOR. Here 
the carbon dioxide is injected into a producing reservoir in order to increase the crude oil 
output towards the end of the well’s production life span. This increased output comes from 
the carbon dioxide’s chemical ability to wash out crude from the reservoir15. As opposed to 
the water in an aquifer, the oil in a reservoir is not necessarily gathered in an easily accessible 
pocket. Some years ago EOR using carbon dioxide was hailed as the economic force that 
would automatically lead to numerous CCS projects. This has not happened. More on why so 
later. 
 
 
5.12 CO2 captured versus CO2 avoided and a short repetition 
Because the capture of carbon dioxide increases the amount of energy consumed per kilowatt 
hour electricity sold a funny little problem arises; a CCS system has to capture the carbon 
dioxide that the decreased efficiency/increased fossil fuel consumption entails in addition to 
the original emission. If the same amount of electricity is to be sold. Therefore the two terms 
CO2 captured and CO2 avoided. The first is the actual amount captured and stored, while the 
latter is the net GHG emission reduction [NVE, SRCCS]. The CO2 captured is per definition 
always more than the CO2 avoided. The capture of the initial emission leads to a greater 
emission and subsequent greater mass in need of capture.   
To reiterate a central point: when retrofitting a CCS solution it is only possible to use 
variants of post combustion technologies. Only post combustion delivers an end of pipe 
technology that does not entail modification of the existing CO2 producing source. 
Proponents of CCS and those wanting a rapid deployment often say the technology is mature 
and ready for immediate implementation. Truth is that no such full scale plant has been 
delivered to date. 
                                                
  
5.13 Flue and natural  
There are two reasons to discuss the difference between the capture of carbon dioxide from 
flue gas and natural gas. Firstly, they are often presented as being technologically 
 
15 In areas, such as in continental Europe, with deep pockets of coal Enhanced Coal Bed Methane recovery can 
be used. ECBM is simply the injection of CO2 into coal beds to extract methane gas which then can be used for 
numerous different purposes like any natural gas. This idea solves two environmental problems; firstly the long 
term storage of carbon dioxide for climate mitigation and secondly extracting the value of the coal without 
disruptive and intrusive open cast mining. 
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synonymous, which they are not. Therefore it is not necessarily an argument that technology 
which works for extraction of carbon dioxide from natural gas can be directly implemented to 
do the same with flue gas from a power plant. Secondly, it is not necessarily done for the 
same reasons, e.g. climate mitigation. 
The carbon dioxide capture and storage project at Sleipner is the world’s first full scale 
implementation. Out on a platform in the North Sea CO2 is removed from natural gas with a 
CO2 concentration of approximately 8-9% in order for the gas to meet its sales specifications 
of less than 2,5% CO2 [Apeland, Lima]. The removed gas is stored in the Utsira aquifer 
approximately 1 000 meters below sea level. These plants are viewed as off the shelf 
technology by its supplier AkerKværner, who has sold 16 such plants world wide [Graff]. 
While it is correct that the compression, transport and storage will be the same for a flue gas 
CCS project, like Kårstø, the capture part is not. Flue gas typically contains 3-5% CO2 and is 
at near atmospheric pressure as opposed to the high pressure natural gas, making the removal 
of CO2 from flue gas more demanding. Near 100% carbon dioxide capture from flue gas is 
not off the shelf technology. Currently only 1/10th scale plants have been operated.  
At Snøhvit, another CCS project with supposed environmental grounding, the carbon 
dioxide is removed to prevent process stopping hydrates16 from forming in the liquefying 
plant. The natural gas from the Snøhvit license has to be turned into LNG for ship transport to 
market. Hence carbon dioxide hydrates would halt the entire project. The carbon dioxide and 
water present in the gas and their subsequent removal become obligatory passage points for 
another actor – Statoil.  
I will return to both these projects in chapter 7. 
 
5.14 Kårstø, cost and prices 
After this technological run through the next question is the cost. I have divided the cost into 
CapEx and OpEx, as is done in the petroleum industry. CapEx is the capital expenditure, the 
price of the installations, while OpEx is the operational expenditure, the cost of keeping the 
CCS plant and all its ancillaries running.  
 At Kårstø the CapEx is of course the whole CCS plant including the pipeline to 
Utsira/Sleipner. The stipulated amount is approximately 5 BNOK or 625 M€ [NVE 2007]. 
The figure is given with an industry normal +/- 40% margin of error, but nobody believes it 
will be cheaper than this. The case will most likely be opposite, due to the heated steel market 
                                                 
16 Hydrates are ice-like compounds formed with water and CO2, CH4 or similar gasses [SRCCS: 407]. 
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(construction and production in particularly India and China) and a very busy petroleum 
industry market where many of the components, such as compressors, will come from [Lima, 
Svendsen]. At five billion Norwegian kroner the total cost of the CCS plant at Kårstø is 
approximately twice as capital intensive as the power plant itself. Whether that is expensive is 
a matter of perspective and priorities.  
The OpEx at Kårstø is estimated at 370 MNOK per year [NVE]. It will vary with 
varying energy prices (steam and electricity) and the number of operating hours of the power 
plant. Calculated per ton of carbon dioxide captured the price will be in the range of 700 to 
more than 2000 NOK (87.5 - 250 €) per ton. Captured carbon dioxide per year is estimated at 
more than one million tons [both NVE 2007]. Dissected these costs are incurred for 
maintenance, energy consumption, amine consumption and destruction, salaries and land 
lease. As previously stated, cost is one of the passages with this technology, a cost 
approaching zero is simply not possible, given the size and complexity of these plants. 
Neither the CapEx nor the OpEx can be radically reduced because the current and chosen 
technology is energy intensive (OpEx) and needs sizable process facilities (CapEx). Therefore 
only marginal price reductions can be expected. Regardless of task and process involved, 
large process installations are intensive systems to build and operate [Lima]. Cost is by many 
seen as Kårstø’s biggest passage [Rønning, a.o.]. This is the core of the dream of the fourth 
technology, because only by introducing something conceptually radically different can 
sizeable reductions in costs be expected. AkerKværner has figured extensively in Norwegian 
professional forums and the press with cost estimates that look very promising. Especially 
when compared to costs quoted in the Kårstø report, the only problem is that AkerKværner is 
referring to capture price only, without compression and storage, as is done in the Kårstø 
report [Graff].  
 
5.15 Closing the chapter 
By using ANT as a method to guide me and assist me in my analysis and description I have 
been able to find obligatory passage points, reveal passages and see how some of the actors 
act. By going deeply into the technology and its inner technicalities I have found some of the 
passages which are not immediately evident at first glance. As such this chapter is not just a 
description, but also part of my analysis.  
 Apart from the main climate mitigation objective, which is not easily tied to a figure in 
a corporate ledger, there are other potential incomes that should be noted; quota costs avoided 
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(as at Sleipner), license to operate (as at Snøhvit) and potentially enhanced oil recovery, EOR, 
all of which are described in the next chapter. 
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Chapter 6: Mongstad, Halten CO2 and other projects planned or canceled 
As noted it is possible to use CO2 in oil wells to increase crude oil output. The economic 
possibilities in increasing the reservoir output by even a few percentage points has led to 
visions of CO2 value chains [e.g. OD 2005, Bellona 2005, Statoil/Shell]. The value chain and 
business model this comprises is discussed using the recently canceled Halten CO2/Draugen 
project as an example. The whole value chain train of thoughts is important because it has 
previously been seen as the (financial) road to CCS salvation. Before discussing the value 
chains I will take a look at the Mongstad project, both for the rhetoric which surrounds it 
(chapter 7) and for the possible synergies with Kårstø. 
 
6.1. Mongstad 
At Mongstad, on the Norwegian west coast north of Kårstø, Statoil is building a gas fired 
power plant with a CCS solution. Statoil already has a refinery at Mongstad and can use a 
large percentage of the power plant output to power this. Another part of the power plant’s 
base load will be platforms and installations on the NCS. The turbine can, through the use of 
heat exchangers as explained for Kårstø, also supply Statoil with needed steam for the 
refinery. The planned CCS plant will probably be built large enough to also capture and store 
the emitted carbon dioxide from the refinery’s cracker17. For Statoil the whole project is an 
energy efficiency improvement measure and as such a cost saving exercise [Lima, Statoil 
2007: 18-20].    
At Mongstad, as at Kårstø, the State is part of the team building the CCS solution. 
Gassnova will use Mongstad as a test laboratory for technology development, including 
testing of various amine solutions and the use of chilled ammonia as an alternative to amine 
solutions.  
 The current CCS solution proposed at Mongstad entails running a pipe to Kårstø for 
CO2 transport and then connecting to the proposed pipe out to Sleipner for injection into the 
Utsira aquifer. At this point the proposed pipe from Kårstø to Sleipner may become a bad 
passage for those involved. The fact is that for Kårstø itself an 8” pipe line is sufficient, and 
cheaper than a 10” one, but it will only have capacity enough for the carbon dioxide from 
Kårstø. If nobody sees the transport needs of the Mongstad plant and Naturkraft’s proposed 
                                                 
17  A cracker is in short terms the part of the refinery where the crude oil is split into its different fractions such 
as bitumen, bunkers, kerosene, gasoline, propane, etc. 
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second generating plant at Kårstø in connection with the laying of the Kårstø-Sleipner pipe 
the subsequent cost for the Mongstad and Kårstø II CCS solutions will be substantially 
higher. At Kårstø roughly 3/10ths of the total projected CCS cost is connected to the transport 
pipe line and injection well [NVE 2007: 52ff]. If a 10”, or even a 20”, pipe is laid it can 
become an obligatory passage point for other CCS projects by being a cheap and readily 
available transport solution. It will be the point of least resistance for transport and injection 
of captured CO2. 
If a single institution had taken care of CCS matters the synergy effects could be 
substantial, in real numbers the cost of the transport pipe line and injection well for Kårstø is 
stipulated at approximately 1,5 BNOK (187,5 M€) [NVE 2007]. A step towards reducing 
costs for the Mongstad or Kårstø II CCS plants is a step in the direction of their 
implementation. 
   A completely different matter is the whole discussion based around the temporal 
dimension and which synergies can be expected between the different projects in Norway. 
Both the Kårstø report and some of the interviewees state that the present schedule does not 
facilitate the technical qualification needed. There are three planned CCS plants (Kårstø, 
Mongstad and Tjeldbergodden), but few plans for cross project learning, knowledge 
production or technological development [Graff].   
 
6.2 EOR and Halten CO2  
The recently cancelled Halten CO2, a joint Shell and Statoil project, was, and still is, a good 
example of the work that has been done in discovering, establishing and creating value chains 
for CO2 in Norway. A value chain is here a string of actors and actions that together will yield 
a profit, in the environmental, and not in the least, economic sense. Many actors have tried 
establishing carbon dioxide value chains, in British or Norwegian sector. Projects like Fortis, 
Miller, Gullfaks, Ekofisk and now Halten have all been canceled. For many proponents of 
CCS combined with EOR Halten was the last active hope. It will be a long time until this is 
attempted again [Mathiassen, Apeland, Sletten, Ytreland].  
 The Halten project entailed using gas from the Heidrun field, delivered through the 
Halten pipe, hence the name, to power the proposed Tjeldbergodden gas power plant. A plant, 
with CCS, whose electricity would be supplied to the Norwegian national grid and also used 
to provide carbon neutral electricity to off shore installations currently producing electricity 
on site using open cycle turbines with sizeable CO2 emissions, pipelines to transport the CO2 
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to the oil fields and reservoir injection, first at Shell’s Draugen and later at Statoil’s Heidrun, 
for EOR purposes [e.g. Statoil/Shell]. The plan being that the increased crude yields, profits 
from electricity sales and quota compensations would make this an economically viable 
venture for the companies.  
Had this worked one could envision many of these value chains, all of them more or 
less automatically saving the environment and generating profits for the corporate actors 
involved. The only problem is that all calculations done on value chains so far have come up 
negative [OD 2005, Apeland, Sletten, Ytreland]. There is still belief in storage and in EOR, 
but not in the profit generating environmental locomotives as envisioned by for instance the 
Norwegian environmental NGO Bellona [Svendsen].  
 Using captured carbon dioxide for EOR is, in an oil company perspective, a good idea, 
regardless of the environmental benefits. Carbon dioxide is superior in its qualities as a 
recovery enhancer when compared to chemicals or pressure support with natural gas or water. 
It is in use in many on shore oil fields in the continental US, utilizing naturally occurring 
carbon dioxide which is piped in from hundreds of kilometers away. Increasing the total yield 
from a reservoir even marginally can lead to substantial increases in profits for the operators 
because the installations are already in place and paid for. Using carbon dioxide from a power 
plant would have the added benefit of giving a commercial value to a byproduct otherwise 
judged as waste. One of the value chain dogmas envisioned the demand for CO2 as sufficient 
to finance the capture, compression and transport, creating a pull-effect and thereby 
subsidizing or even financing the climate initiative.  
 There is of course one obvious criticism to make of CO2-based EOR: it increases the 
yield of a reservoir, providing more fossil fuel which can be burned and thereby creating more 
CO2 emissions. To complicate matters further; in Norway there were no power plants 
emitting CO2. In a harshly oversimplified sense the plants are built to provide a source to 
capture, as opposed to capturing existing sources; factories, kilns and smelters.    
 
6.3 Why EOR using carbon dioxide is not being done and why it is costly 
If enhanced oil recovery, EOR, using CO2 is such an effective measure, why is it not being 
done? The fact of the matter is that at Sleipner Statoil has been producing CO2 for eleven 
years, but nobody, including Statoil itself, has built a pipeline over to an oil field for injection 
in a reservoir to increase crude production [Apeland]. One reason, oddly enough, is that the 
amount of carbon dioxide is insufficient. Calculations done at Draugen show a yearly demand 
 49
Carbon Dioxide Capture and Storage – ESST 2007 
of 4 -5 million tons, while the proposed source at Tjeldbergodden could only have delivered 2 
million tons per year [Ytreland]. While the proposed Kårstø plant and the existing one at 
Sleipner are rated at approximately one million tons per year [NVE 2007, Statoil 2007]. The 
same situation arose at Gullfaks where a potential CO2 EOR based yield of 100-150 million 
barrels of crude would have been possible with 10 million tons of carbon dioxide per year 
[Sletten]. In 2004 Norway’s total CO2 emission was 43.8 million tons [LUU: 35].     
But CO2 EOR also has some serious competition. Because of the availability of water 
and natural gas on the NCS, and the positive results achieved using them for pressure support, 
EOR with CO2 becomes an unnecessary and expensive option. These methods, along with the 
use of chemicals, have not only been sufficient and effective, but at the same time given EOR 
with CO2 a reduced potential [Lima]. Thus it has been difficult to establish CO2 EOR as an 
OPP. In the EOR debate statistics from the US often come up, because the on shore petroleum 
industry in the US has extensive experience and have gotten good results using carbon 
dioxide. But in the deserts of the continental US water is not as readily available, carbon 
dioxide can be piped in from relatively inexpensive natural deposits, injection wells cost one 
hundredth of what they do off shore and therefore expensive reservoir simulations are not 
needed (which due to the lack of the correct knowledge would be based on insufficient data 
on the NCS) [Apeland]. Furthermore the CO2 would reappear in the well stream after six 
months according to simulations done [Ytreland]. In addition all parts in contact with the well 
stream would then have to be corrosion resistant. Something they usually are not, except on 
the few platforms on the NCS with hydrogen sulfide problems (H2S) [Mathiassen]. Estimates 
show that the modification of a typical platform would cost in the range of 1.5 to 5 BNOK 
(187.5 – 625 M€) and these are considered to be modest estimates [Ytreland].  
EOR is therefore currently seen as a potentially nice bonus, but never the decisive 
factor or driving force behind implementation of CCS [Haugan]. The oil companies are in 
principle ready, but they know the extent and cost of the modifications needed. When they 
develop new fields in the future these companies will look at the costs differently [Apeland]. 
And perhaps such new builds will be made CO2 EOR ready. 
Using the carbon dioxide for enhanced gas recovery, EGR, has also been suggested. 
Considering the fact that the NCS is already plagued with carbon dioxide rich natural gas and 
already uses considerable resources to reduce CO2 levels to meet European sales 
specifications this sounds like a very bad idea [Apeland]. Long story short, if EGR is such a 
good idea, why is it not being done at Snøhvit? Here the CO2 is removed before LNG 
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processing and injected into an off shore aquifer called Tubåen, well below the gas carrying 
formations. It is not being used for EGR. 
 
6.4 Increased natural gas sales 
As mentioned elsewhere, natural gas for the European continent, which seen as a whole is 
Norway’s largest customer, has to meet the EC-gas sales specifications of max 2.5% CO2. 
Due to the already mentioned high content of carbon dioxide in much of the natural gas on the 
NCS it is not yet being extracted. A system of carbon dioxide pipes, from Kårstø, Mongstad, 
Tjeldbergodden or elsewhere, would make it easier to start production in CO2 rich natural gas 
fields and deposit the captured CO2 through these existing pipes. Regardless of whether it 
would be used for EOR or not [Apeland]. 
 
6.5 State force 
For different reasons, and in different ways, many of my interviewees called for a central 
motive force behind the push to implement CCS. All of them envisioned a State entity, either 
newly established or as part of an existing regulatory or commercial state body, that had the 
money and the mandate to get things done. Graff of AkerKværner suggested that the job 
could be outsourced to a commercial company, to be paid per ton captured or similar [Graff]. 
For a technology supplier like AkerKværner establishing oneself as an OPP for CCS is of 
course a profitable venture. But the idea has some merit because a CCS plant is a complex 
technological system which an experienced company might be better suited to run than a 
government department or directorate is [Rønning, Haugan]. A company like Statoil, 
experienced in oil, gas and process industry and already engaged as technical service 
provider, TSP, at the Kårstø gas processing plant could also do the job. A company which is 
visited further in the next chapter, not for its capability to manage large technological systems 
and complicated processes, but for its rhetorical use of CCS.   
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Chapter 7: A case of rhetoric – Statoil and Shell 
The reasons for describing Shell and Statoil in the following are fourfold; they are Actors on 
the NCS and in the Halten CO2 project; one is private, the other partly State owned, both are 
listed on several stock exchanges, i.e. they are commercial entities; both have quite an explicit 
corporate social responsibility, CSR, policy lauding their own environmental actions and they 
are both fairly representative of this industry in Norway. I take this brief look at some of the 
oil company rhetoric surrounding these projects in order to see how these projects are 
marketed and how this rhetoric is part of the translation and enrollment strategies of these 
companies. These projects have already been mentioned in chapters 5 and 6. Now they are 
revisited to further understand the rhetoric. Only when the technical aspects are clear is it 
possible to judge whether these projects are only what the companies say or something else as 
well. 
 
7.1 Sleipner, Snøhvit and Mongstad 
Statoil’s President and CEO Helge Lund claims that the Sleipner project gives Statoil great 
international credibility and views the project as part of the solution to the world’s climate 
problems [Statoil 2007: 6-7]. He further states that he has not seen a single scenario for the 
immediate future that does not include fossil fuels. As such fossil fuel is a well established 
OPP; discursively and in practice, i.e. as the energy regime of least resistance. 
The argument that removal of CO2 from natural gas at Sleipner is done for 
environmental reasons is only partially correct, as shown in section 5.12. Without doing it the 
natural gas would have no value, hence would have to remain in the ground and generate no 
profit neither for an operator such as Statoil or for the State. The alternative to capture is 
simply not to sell it. The alternative to storage of the removed carbon dioxide is venting to the 
atmosphere which would entail similar costs in the form of quotas [van Ruijven, 2007: 13]. 
Statoil operates with a figure for Sleipner of approximately 750 000NOK (93 750€) in quota 
costs avoided per day [Statoil 2007: 11]. A natural gas CCS solution is evidently cheaper than 
paying the quota cost.  
According to Lund the captured CO2 from Snøhvit is equivalent to the annual 
emission of 250 000 cars [Statoil 2006: 2]. Without referring to the fact that the combustion 
of the LNG produced will lead to massive GHG emissions. If the removed CO2 had been 
vented to the atmosphere this alone would increase Norway’s GHG emissions by 1-2%. At 
Snøhvit the CO2 accounts for only 5-6% of the well stream [Statoil 2006: 20]. Which means 
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that the total emission from Snøhvit is far greater, though not located at Snøhvit but with the 
customers in Europe and the US. At Snøhvit the CO2 is removed to enable liquefaction for 
subsequent transport to market. The removed CO2 is stored in the Tubåen aquifer and not 
vented to the atmosphere because this was a necessity for political approval of the project.  
 The whole Mongstad project is an energy economizing measure for the refinery. The 
electricity and steam are needed for the existing refinery production. It is also a means to 
ensure future self sufficiency of power. 
 That Statoil markets these projects as environmental measures is therefore at best only 
half the picture. They are in fact simply necessities to commercialize the products or to 
increase efficiency [Lima].   
 
7.2 Halten CO2: a cancelled value chain  
I have already briefly described the technicalities of the Halten CO2 project. In the following 
text I shall look at some of the rhetoric that Shell and Statoil have surrounded and 
accompanied this project with. In their joint brochure Putting CO2 to work – A new 
Norwegian industrial model for a CO2 value chain they write that Two global players will 
now put their resources to work, both for the environment and for enhanced oil recovery...The 
stakes are high – the reward is breathtaking. In one sentence they combine the fight against 
global warming and their (and arguably our society’s) need for increased output from 
producing oil wells, seemingly without considering the damage the produced fossil fuel does. 
A successful project can lead to a paradigm shift in the work against global warming. No 
less, but these oil giants have no intention of doing it on their own: Considerable involvement 
from the Norwegian authorities...will be needed to make this project a success [all quotes this 
paragraph from above mentioned Statoil/Shell brochure, which is undated and unpaginated]. 
After having had more than 80 people employed and having spent a reported 400 
MNOK (50 M€) the two companies buried the whole project in June 2007 [Statoil/Shell 
2007]. The companies claim that their studies have shown that the HaltenCO2 value chain is 
technologically possible but not commercially viable. As the main hindrances they cite the 
cost of modifying the Draugen platform and the year long production halt this entails as too 
expensive compared to the increased oil output expected. Furthermore they claim that gas 
based power generation in Norway is challenging in itself and with CCS it is simply not 
profitable. Summing it up Statoil and Shell need a robust commercial model...which further 
necessitates...a clarification of framework conditions [Statoil/Shell 2007]. They do not write 
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it explicitly, but I see this as a direct transfer of responsibility to the State. If CCS and EOR 
value chains are to become a reality in Norway the State needs to act and fill in the 
commercial gaps in the equation. Shell’s primary objective, on the other hand, is ensuring 
that Shell continues to provide shareholders with the returns they expect [Shell 2007b: 4]. 
 
7.3 Oil Sands and oil shale 
As with many other petroleum companies looking for future fields to develop both Statoil and 
Shell have engaged in alternative sources of oil. The two examples used here are Statoil’s 
purchase and subsequent planned development of an oil sands field in Canada and Shell’s oil 
shale project in the Green River Basin in Colorado, USA.  
Through the purchase of North American Oil Sands Corporation (NAOSC) Statoil has 
started on the road to producing bitumen18 from oil sands. By using steam injection they will 
heat and wash the oil out of the sand beds below the surface. The production of this steam is 
one of the main reasons that a product like gasoline produced from oil sand bitumen has a 
25% increased emission compared to gasoline from a normal oil field well [Statoil 2007: 44]. 
Statoil is working on reducing the energy needed in the process. This will of course also 
reduce the accompanying carbon dioxide emissions. Citing such projects as Sleipner and 
Snøhvit, Statoil imply that their CO2 handling experience and expertise will be of great value 
in Canada, without explicitly having committed to implementing CCS for the steam plants or 
refineries involved. 
In the Green River Basin Shell has started a test project heating oil shale19 to extract 
oil. This might become yet another source of new oil reserves. In their technology report this 
story is lodged between a story on converting waste to ethanol for use in auto fuel to reduce 
CO2 emissions and the practical uses of the waste product sulfur. Shell is also investigating 
options to reduce the impact of carbon dioxide emissions from the process [Shell 2007a]. The 
brochure also contains an article on HaltenCO2 to assure the readers of Shell’s CCS 
competence. 
Shell also has an oil sands license in Athabasca, Canada. This project uses open face 
mining and as such has a larger environmental impact than Statoil’s planned project. It is 
mentioned in Shell’s technology brochure not for environmental improvements, but for 
increased yields resulting from technology (process) improvements. 
                                                 
18 Bitumen is a heavy oil. Can be refined into kerosene, diesel, gasoline, etc 
19 Oil shale is type of rock rich in the hydro carbon kerogen which can be modified and refined like other oils 
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 Shell and Statoil have taken the rhetorical power of CCS with them into these non-
CCS projects. In the case of Statoil one could say that the commercial necessities of Sleipner 
and Snøhvit are used to give the oil sand project a greener varnish. With Shell one of the 
objectives of the technology report is to showcase Shell’s involvement in environmental 
projects, like Halten CO2. Halten has been cancelled, but its legacy remains to green wash 
another day.  
 
7.4 Summed up 
Regardless of whether these measures are done for the environment, to reduce production 
costs or to enable production, one of the effects is often still a reduction of GHGs. I realize 
that. My main critique is that the environmental aspect is overplayed while the commercial 
aspect is underplayed. The companies look green, but their financial bottom lines are not 
seriously threatened. It is not given that any and all environmental measures taken by 
corporations are a financial burden, but many measures, such as CCS, must be paid for.  
By pumping out, refining and further processing an equivalent of 3.5 million barrels of 
oil per day with the help of 108 000 employees in over 130 countries Shell’s 2006 total 
revenues were a staggering 318 845 000 000 $ (239 134M€) which gave a total income of 
26 311 000 000 $ (19 733M€) [Shell 2007b]. For comparison: daily production in 2006 on the 
NCS was approximately 4.3 million barrels (equivalent, i.e. including gas) [OD 2007]. For 
Statoil the numbers are 431 112 000 000 NOK (53 889M€) in revenues with a net income of 
39 065 000 000 NOK (4 883M€) [Statoil 207b: 1]. Although Shell is almost 4.5 times larger 
measured in revenues their margins are roughly the same. By themselves these figures are 
difficult to fathom, and they do not say anything of these companies GHG reduction 
commitment or contribution. 
The CSR strategies of Statoil and Shell enroll others into their discourse and agenda. I 
have attempted to look beyond this and describe reality; technically, commercially and 
rhetorically. The next chapter is a summation of how this reality contains and creates the 
passages to be traversed in order for CCS to be implemented in Norway. 
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Chapter 8: Passages 
In order for the whole system of carbon dioxide and storage to be implemented the different 
actors need the complete cooperation of the other actors. They can not all decide the 
strategies, plans and wanted outcomes. Some of them have to enroll, while the others need to 
be enrolled. All the while some might even be left out altogether. The Pipeline needs the CO2 
to rid itself of its moisture before entering. The Environment needs to get the Capitalists to 
realize that its time to fall in line behind the Greens. The State needs democratic backing from 
the Voters for its Kårstø CCS project. The Kårstø CCS project needs the Cost to be politically 
acceptable. The Suppliers need the Technology to behave predictably and cost effectively. All 
of them need the CO2 to behave itself, accept capture, compression, transport and storage and 
stay down in the hole it has been allocated. The Aquifer needs to maintain its integrity. In the 
case of EOR the CO2 needs to assist in extracting the crude oil. The Petroleum Industry needs 
to keep on pumping Crude and Gas. The Crude oil and the Natural Gas need continued 
acceptance for a carbon regime if they are not to be rendered worthless and remain entombed 
in rock deep beneath the ocean floor until eternity. The State and its citizens need to keep 
receiving their Revenues.  
 
8.1 Traversing passages 
According to [Norwegian Prime Minister] Stoltenberg it is cheaper to buy quotas than to use 
technology. ... If you buy a lot of quotas, you can ignore all this [Graff]. Is it surprising that 
there are many obstacles barring implementation of CCS in Norway if this quote reflects the 
industry’s perception of official state attitude? In this chapter I will construct further upon the 
chapters about CCS technology, the cases mentioned and about the Actors attempting to 
implement CCS. This is the chapter about the major and minor passages that have to be 
successfully traversed before full scale CCS in Norway is a reality.  
In a sense these passages are all bad since they, for the time being, are obstacles yet to 
be passed. They have hindered or are hindering the movement from one specificity to another. 
The listing of good passages would merely be to retell the job already done. It would not tell 
of the challenges yet to come. Which is fine for a tale already ended, a closed process, but not 
for a work in progress. 
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8.2 Classification of passages 
At first glance it could seem appropriate to sort the passages into three neat and clear cut 
categories: technological, economical and political/regulatory. Such distinctions would make 
for easy analysis and straightforward reading. Although the point of analysis is abstraction 
and simplification for the sake of clarity and understanding, this would be oversimplification. 
It would of course also completely miss the central point of STS. As already stated one can 
not simply take technology out of society and/or vice versa. Take a very central passage, the 
price of capture per ton carbon dioxide, as an example. In which category should it be placed? 
It is economic, because it has to be paid for, the price is connected to the operational and 
capital expenditures of the plant; it is political, because the will to pay has to be found, 
created or enforced, this will is closely related to regulations, the price of quotas or other 
incentives; it is technological, because the operational and capital costs of the plant reflect the 
chosen solutions and current level of knowledge and technology, i.e. maturity. So which is it? 
All of them of course! Because the technology chosen depends on the politics and economics 
given and will furthermore itself affect the economics and politics involved. Even 
compartmentalizing like this is difficult because technology in itself is politics, economics, 
etc, i.e. society. 
 Instead of categorizing the passages into three groups I have shown that the same 
passage often has different faces or aspects, depending on the angle it is viewed from. Like 
the capture price above. So I will keep the trinity of technological, economical and 
political/regulatory, not as categories, but as simultaneous aspects of the same passages. 
Knowing full well that this trinity is inescapably intertwined and constitutes three aspects of 
the same discourse, materiality and reality.   
 There is of course also a difference in the impacts of passages. It is possible to 
envision an insurmountable passage, e.g. it is physically impossible to capture CO2. But in 
reality most passages are surmountable, given the proper will and financial backing. For this 
analysis I will use two orders of passages; 1) major passages are project stoppers and do just 
that (stop projects), while 2) minor passages are those that are clearly seen by the involved 
parties, but are anticipated to be passed successfully in due time. Once again, if the proper 
will, technological effort, political action, financial strength, etc. is applied.  
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8.3 Minor passages  
In principle the minor passages are all thought of as solvable on the condition that the major 
passages are taken care of.  
There is of course a plethora of very minor passages. For CCS to work many small 
actors have to fall in line. On my visit to Kårstø I saw the control room for the power plant. It 
has been suggested to locate the controls for the CCS plant here as well. To me it looked like 
it would be a tight fit, but the operators had already thought about it and had a plan for 
traversing this very minor passage. Such very minor passages are real, but are only considered 
by those at a detailed level. In a CCS plant things do get complicated, but not more so than in 
any other industrial undertaking of a similar size and complexity [Rønning].  
This is why the passages mentioned by the interviewees are all CCS specific. These 
are the true minor passages: conquerable, but consumers of time, effort and energy. Like 
corrosion; a powerful actor, enrolling many into its network. Technically it necessitates 
drying and the use of corrosion resistant parts and pipes. Economically this increases costs. 
Politically this might make CCS difficult to sell or forcefully implement. The trinity of the 
aspects of passages remains, but is not absolute. Passages also vary in the distribution of 
disruptive power between the three aspects.  
Throughout the text I have alluded to various minor passages. All the different 
subchapters concerning laws, quotas, subsidy rules, technical processes, technological 
choices, etc are also stories of passages.  
 A short list of some of the minor passages from the different chapters that have to be 
traversed in order to achieve successful implementation of CCS: 
-Technical Qualification, chapters 5 & 6  
-Scaling up of capture plant and other ancillaries, chapter 5  
 -Adjusting the laws and regulations; London, OSPAR and Gothenburg, section 4.1 
 -Making quotas work for CCS, section 4.2 
 -Size of CCS solutions rule out mobile implementation, section 5.2 
-Corrosion and Hydrates in process, section 5.4 
-Energy consumed by current CCS processes, e.g. sections 5.8 and 5.9  
-Amine wastes produced by some CCS technologies, section 5.8 
-Security and integrity of storage sites, section 5.11 
-Cost of capture process, chapter 5 
-Cost of CCS plant, OpEx and CapEx, chapter 5 
-Coordination of efforts, e.g. size of transport pipes, section 6.1 
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-Temporal dimensions, lack of utilization of synergies, e.g. sections 6.1, 6.3 and 6.4  
 
But it is amongst the major passages the real problem lays. It is here the real push forward 
must come. These are the reverse salients stopping the process.  
 
8.4 Major passages and an interim conclusion 
Surprisingly often the stakeholders place the blame on the State for major, project stopping, 
passages. Many projects, in Norway and abroad, have been stopped with only this 
explanation. Often shrouded in such words as ‘lack of incentives’, ‘no business model’ or ‘no 
framework in place’. So there you have it: it is the State’s fault that CCS is not implemented 
as a climate mitigation project in Norway. This is only an interim conclusion, but it is 
important to remember that this was an often encountered and general view amongst many of 
the stakeholders interviewed.  
Many of the interviewees used words like frameworks and structural conditions 
(rammevilkår) in an open and unspecified way. Seemingly the users deemed it unnecessary to 
specify further, the exact definition was reliant on the context and understood to be self 
evident. The exact definition does perhaps not exist. Instead the words cover what the 
industry deems is the necessary facilitation by the state to make CCS possible. In this case a 
carrot and not a whip, of course.   
 There is often a temporal heterogeneity in the interests of the different actors. 
Different actors view time differently. The shareholders’ interest in the bottom lines and share 
prices are on a temporal order of a different magnitude from the longer temporal horizon of 
global warming or even a CCS plant. A CCS plant is on a different temporal order from an 
EOR application, as seen at Halten. These temporal inconsistencies lead to incompatibilities 
of interests and priorities. Many of the associations between actors and enrollment strategies 
are based on this. When an actor can establish its temporal order as a discursive OPP or 
render it invisible and therefore inevitable for others this order has become a passage. And 
when the discourse has a temporal order within which CCS does not fit this temporal order 
becomes a major passage. Being nice to Nature and thereby securing its future gives no 
immediate financial return. Part of the effort therefore has to be to compensate for these 
temporal disorders.   
 One temporal disorder that mirrors the finance market’s need for results and which 
shall only be mentioned briefly, is the temporal order established between politicians and the 
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electorate. Despite the fact that the citizens of Norway are among those in the world who are 
most positive to CCS [CO2 Capture Project], politicians are dependent on being re-elected, 
not so much for their own benefit, as for the possibility of implementing policy. No electoral 
support equals no office and zero chance of implementing anything.  
 
In the form of a list, but in no particular order, the major passages are: 
  - Companies do not see sufficient profit in CCS or value chains 
  - State effort does not compensate for lack of profit 
  - CCS is not enforced or regulated in such a way as to become inevitable 
  - There are alternative possibilities 
  - Temporal disorder 
  - Mismatch between common good and profit 
- Conflicting strategies and goals 
 
These major passages are not necessarily commensurable. If the State regulated CCS to 
become an OPP, then it might not have to subsidize. Regulation would also force the shorter 
temporal thinking of the Board Rooms to seriously take a longer temporal order like GW into 
account. 
 
8.5 Strategies 
Passages, minor or major, are shaped by the strategy they are part of. Take the question of 
technology qualification. For a proponent of CCS building a plant is both necessary and 
possible. Depending on level of certainty needed, expected or anticipated one could go right 
ahead and build. They did not build scale models or pilot versions of oil platforms for the 
North Sea, so why should we do it for CCS plants, is Ole Rønning’s question [Rønning]. He 
is in charge of a project intending to build a CCS plant. While at Mongstad Statoil has said 
that deploying CCS now is a premature move and that it needs further technological 
qualification. Same question, two answers, two different strategies. For a utility postponing 
deployment reduces (i.e. does not increase) operating costs and a future plant or alternative 
technology is potentially cheaper - strategies. If the utility succeeds in rendering this 
deployment detour invisible it saves money - capitalism. These capitalist strategists are the 
main actors in the next chapter.  
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Chapter 9: State and Industry (and Capitalism) 
My initial aim was simply to answer the research question by finding out what the technical, 
political, social and economical obstacles that have to be overcome in order to implement 
CCS in Norway are. This search has brought me through the previous chapters to this one. 
Chapter 7 on rhetoric, parts of the previous chapter and this one have all come as a 
consequence of the search and findings which went beyond the immediate scope of the 
research question. I did not initially start my search intending to end in a criticism of 
capitalism and I will almost stick with this intention, but as already stated in section 8.4 and 
elsewhere I do find it necessary to draw conclusions beyond the immediate socio-
technological level of CCS. Despite the fact that this brings me to the outer margins of my 
data.  
As my starting point for this chapter I would like to make a slight side step and ask: 
what do the State’s oil and gas revenues mean for Norwegian Society? A complete and 
thorough answer is far beyond the scope of this paper, but thinking the thought is a way of 
creating a perspective. Following on this is a question of who does whose bidding and who 
sets the agenda? Who wants to be indispensable and who really is? Who is allowed or able to, 
place the obligatory points of passage and thereby control the stage? And all the while; how is 
this done? It would be interesting, but I fear a bit fruitless, to engage in a bit of contra factual 
thinking in order to be able to see the current impact of our petroleum revenues and envision a 
Norway without oil and gas: A little less wealthy, but not a lot; clearly less demanding; and 
all in all at least as satisfied. [Isachsen 2007: 2]. Leaving contra factual thinking aside for 
now, how problematic is the mix between Capitalism and State? Or rather; how capitalistic is 
the State’s behavior? Are these actions largely governed by the need for revenues? 
 By Capitalism, in the context of this thesis, is simply meant the current, dominant way 
we organize commerce in world society and the priorities this entails. Regardless of whether 
one calls it neo liberal, post modern, industrial or something else. This systemic domination 
carries with it some massive inequalities; for example that women only receive 10% of the 
world’s salaries and own only 1% of the property [World Bank 2007] or just sheer size; 
Shell’s 2006 revenues were slightly larger than Norway’s Gross Domestic Product, GDP, for 
the same year [Shell 2007b and World Bank 2006]. The statistics here are quite arbitrarily 
chosen, the point to illustrate is that this system has some serious implications. This thesis is 
not an attempt to further theoretical understanding of capitalism, only to illuminate that 
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behind some answers are at least one more set of answers. And that looking for the first can 
lead to the latter. Capitalism is further explored in section 9.4.  
In 2006 Petoro, the administrator of the Norwegian state’s oil and gas licenses, had a 
net profit of 128 BNOK (16 B€) [Petoro 2007]. And these are just the revenues from the 
State’s direct financial interests on the Norwegian continental shelf (SDØE). The estimates in 
the Norwegian revised national budget for 2007 indicates an anticipated net income of 
approximately 300 billion NOK (37.5 B€) from the NCS, of which almost two thirds come 
from taxes and fees from oil companies while the rest will come from the SDØE and 
dividends from Statoil [OED 2007]. For comparison; Norway’s total income in the national 
budget is approximately 1 000 billion NOK (125 B€) including petroleum revenues, while 
spending, petroleum excluded, is slightly more than 650 billion NOK (81.25 B€) [St.prp. 
2007: 10].  The State’s Oil Fund, or more correctly the State’s Pension Fund – Global 
(Oljefondet/Statens Pensjonsfond – Utland) is currently valued at almost two thousand billion 
Norwegian kroner, or 250B€, equivalent to approximately 500 000 NOK (62 500€) per child, 
woman and man in the Kingdom. Of course the value of such a reserve is important, as is the 
ability (read: legality) to continue pumping crude and gas. We know the value of our reserves 
and the lifestyle it entails [Haugan]. Our current Prime Minister knows full well that the oil 
may theoretically become a commodity without a market. In his onetime position as Minister 
of Finance he was an active spokesperson for an aggressive oil and gas extraction policy 
[Sletten]. In spite of this wealth we or rather; the State spends only approximately 4% of the 
value of the Oil Fund per year [Isachsen 2007: 2], leaving the rest for future pensions. This is 
the reason Isachsen’s two Norways, with or without oil, are so similar. But leaving the Oil 
Fund and the SDØE aside, companies like Naturkraft, Norsk Hydro, Statoil or Shell pay 
corporate taxes, as do their employees and suppliers and so forth. This money lines the coffers 
and enables our social democratic Scandinavian-type welfare state to be what it is [Stiglitz 
2002: 217]. With wholly or partly state owned companies the income from shareholder’s 
dividends are of course an added blessing.  
 
9.1 A missing market 
There is apparently no commercial market for CCS applications for flue gas extraction. The 
current market is the State, not the utility companies [Rønning]. The owners of the 4 900 
fossil fuel burning plants around the world which could use a retrofitted post combustion 
solution have not started purchasing these solutions. The utility companies in Europe, burning 
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coal, are earning enormous sums. They have no quota costs and do not want CCS 
[Kristiansen]. Without a market the suppliers do not dare invest in technology development or 
qualification. They are afraid they will not be able to recoup their R&D investments without 
an existing market [Graff]. A 1/10th scale R&D pilot plant costs approximately 500 MNOK 
(62,5M€) to build, but is not being built. Yet Shell and Statoil have according to their own 
figures spent 400 MNOK (50 M€) on their Halten studies [Statoil/Shell 2007]. So it looks like 
the premises are given by Capitalism [Graff, Apeland]. Commercial interests have managed 
to avoid a climate related obligatory passage point.  
 
 
Simplified look at State involvement at Kårstø Power Plant 
 
Directly and indirectly the State operates as a Capitalist entity. As illustrated in the 
Kårstø case (see illustration above) and even with CCS in general; the State is simultaneously 
present on many sides of the same table. That it is a problem that the State operates as both 
capitalist and regulator was a concern voiced by some of the interviewees. But perhaps being 
on all sides of the table gives a clearer perspective, more room to maneuver and more muscle 
with which to implement wishes. 
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As a commercial operator and for its source of income, the state is dependent on the 
continued acceptance, allowance and legality of the fossil fuel regime. Without continued 
consumption there will be no continuation of the revenues received. From this perspective it 
is in the State’s interest to implement CCS as soon as commercially necessary, but not sooner. 
And commercially necessary is amongst other factors, a consequence of when it is politically 
necessary. And politically necessary might be too late compared to what is climatically 
necessary. And this is the recurring question; why the obligatory passage point for 
implementation of climate mitigation measures, like CCS, is so completely ignored in favor 
of obligatory passage points of a commercial or other non-climatic political nature? As such 
the Climate is incapable of establishing an obligatory passage point which will save it.  
 If the missing market is created, or rather when the missing market arises it will pose 
an enormous opportunity for the companies and nations who are ready to deliver. This rings 
true also for renewable energy technologies. Many actors, including the Norwegian State and 
its off shoots, such as the National Research Council (Forskningsrådet) and Gassnova have of 
course seen this and are preparing for it. Whether the extent of these preparations are 
sufficient is a partly a matter of perspective and certainly a question for another thesis.   
   
9.2 Corporate Social Responsibility 
As shown in parts of chapter 6 and 7, companies like Shell and Statoil put a lot of effort into 
their corporate social responsibility, CSR, work. No clear distinction is made between CSR 
and public relations, PR, in this context. If CSR is only PR in the form of spin doctoring and 
image building, why put so much effort into calling it CSR? For the management of Statoil 
the decision to invest in CSR is based on a rational calculation [Jelstad 2005: 80]. This means 
that a company like Statoil will only implement CCS in a CSR perspective as long as it is a 
commercially rational decision. On the question of whether to implement CCS or not profits 
and CSR are balanced. At Sleipner the CO2 is captured to enable sales and stored to avoid 
quota costs. It is not for CSR reasons. When CCS becomes a legal/political requirement to 
operate, as at Snøhvit, the question also no longer concerns CSR, but whether or not CCS can 
be implemented within the companies required margins of profit. That these cases later are 
used to represent Statoil’s CSR commitment is the reason I find it hard to separate CSR from 
PR.   
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9.3 Discretionary power, discretionary space, state control 
In order to make CCS a legal requirement the State needs to exercise its discretionary power 
to change the discretionary space within which the oil companies and utilities operate. 
Coeckelbergh and Wackers point to the fact that through its legitimate authority, as the state, 
the State has the privilege of granting discretionary power to other entities, i.e. a license to 
operate within given rules and with a certain amount of freedom. Once this license to operate 
has been given it constrains the legitimate authority’s possibilities to interfere with the way in 
which discretionary power is exercised, as long as this is done in accordance with the set 
conditions [Coeckelbergh and Wackers, 2007: 7-8]. In this case it means that the licensees 
only need to do as much as required and not more. Furthermore it also means that the State, in 
its guise as licensor/grantor, can only demand compliance with the conditions given. Any 
alterations of these are seen as an infringement of the licensees’ rights.  
While it is true that the State, due to its legitimate authority, may grant discretionary 
power to other entities and that this reduces the grantor’s power over the grantee, it is at the 
same time important to remember that the grantor, the State, shapes the discretionary space. It 
is the boundaries of discretionary space that delineate the bounds of discretionary power. 
Therefore the State could choose to implement alternative discretionary spaces; covering 
different areas, with other limits and boundaries. And in a climate mitigation perspective I 
personally see the possibility, if not necessity, of invoking a force majeure type argument, 
based on scientific evidence such as the IPCC’s numerous and well founded reports, to 
redraw the boundaries of discretionary space. Without having to compensate for the reduced 
freedom of the grantees.   
 But within and around this discretionary power is the whole sphere of a seemingly 
rampant capitalism. Perhaps even more so in a country like Norway which has always prided 
itself on being able to control capitalism for its inhabitants’ mutual benefits, through 
legislation and through active participation by state owned corporations. Statoil, as perhaps 
the clearest example, was established as a tool for national control of the NCS and national 
interests and as an alternative to taxation of foreign oil companies operating on the NCS. In 
addition to the revenues received it was also expected that this would channel more of the oil 
wealth into society [Ryggvik 1997a: 246, Ryggvik 1997b: 272]. But Statoil, and the 
Norwegian oil and gas industrial complex, became somewhat of a state within the state 
[Ryggvik 1997b: 248-249]. The interdependencies between State and Industry have made it 
difficult to separate between what is in the State’s interests and what is in the Industry’s 
interest. Between Capitalism and the Common Good. 
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9.4 Capitalism 
The particular combination of creativity and destruction that capitalism has generated 
provides the foundation both for the extraordinary achievements and the appalling setbacks 
of recent centuries, for the unprecedented promise and peril of our time.  
- L.S. Stavrianos in Lifelines from our Past: a new world history [2004: 89] 
 
In this sentence the world historian L. S. Stavrianos builds further upon the famous quote 
from economist Joseph Schumpeter who characterized the dynamics of capitalism as creative 
destruction [Schumpeter in Stavrianos 2004: 89].  Stavrianos writes that this creativity, 
through the unleashing of a hitherto unseen productivity, built a society, the capitalistic one, 
able to overcome the technological stagnation [Stavrianos 2004: 89] that had been the bane of 
earlier societies. But in its productivity was also included its latent, potential destruction, with 
each successive transformation of capitalism the creativity and destructiveness have 
intensified [Stavrianos 2004: 95]. Stavrianos depicts three successive stages of capitalism, 
with High-Tech Capitalism being the current one. High-Tech Capitalism is post-industrial in 
the sense that it generates its profits not solely from industrial production, which is still a 
major contributor, but also from a technological creativity with civilian (e.g. genetic 
engineering) and military (e.g. the computer) origins. This new phase brings with it serious 
concern...about the survival of the human species itself  [Stavrianos 2004: 133]. This current 
phase of world capitalism has brought with it hardly foreseen consequences of a seemingly 
uncontrollable technology [Stavrianos 2004: 153], but we have created this technology. It can 
not be un-created, but it can be reined in, kept on a tight leash and forced to contribute to 
solving the problems inherent in our techno-social post-industrial world. It is a question of 
private gain versus the common good [Stavrianos 2004: 177].  
I have chosen to look at how rampant capitalism comes in the way of CCS. It is 
equally possible to commend the Scandinavian type of capitalism practiced in Norway for its 
social responsibility and ability to cooperate with the corporate world. Partly through 
regulations, partly through incentives and partly through the State itself being an actor on the 
capitalistic scene. Playing the game on the game’s own terms for the perceived mutual benefit 
of all its inhabitants. As was the intention with Statoil. But I chose not to concentrate on this 
because, yes while it is true, it is also a position from which it is possible to perform better. 
For instance for the environment. 
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One attempt to reconcile private gain and common good is through the establishment 
of carbon dioxide value chains like Halten. These chains are not only an attempt to make 
garbage profitable [Ytreland], but also an attempt to simultaneously reach at least two goals 
which may not be reconcilable; economic profit and environmental protection. Perhaps not 
forgetting a possible third goal; maintaining our consumptive lifestyle. While value chains are 
an attempt to rein in the destruction, the creativity is not sufficient enough to include values 
beyond the bottom line.  
As an historian Stavrianos systematically analyzed the past, he did not predict the 
future. His three stages of capitalism end in our times. But it is important to see the power in 
capitalism and the way it has shaped our society and way of life. There is no a priori reason 
that capitalism can not be controlled, despite the idea of the self governing market. An idea 
that simply does not work on a global scale [e.g. Stiglitz 2002: xiii, 214]. Three blacksmiths 
in a village might form a perfect market and might be controllable by a guild, a town council 
or a district tax commissioner. Transnational, clay footed giants like Shell are not.  
Another chapter has reached its end, another conclusion along the way. The following 
chapter, the tenth and last, brings the conclusions.   
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Chapter 10: Conclusions 
What started out as a search for an answer to quite a straight forward question has turned into 
a quest for not only answers, but a bit of truth and understanding as well. Truth and 
understanding, big words indeed, big words that forced me to look for potential systemic 
solutions and changes beyond the immediate realm of CCS. My intention was not initially to 
analyze capitalism; the mode of operating or thinking or Capitalism; the actor. Perhaps 
Capitalism really is not suited to fixing the climate challenge. After all, large scale, global 
capitalism is an inherent part of the consumption and emission problem. What got us into this 
mess will perhaps not get us back out of it. Perhaps Schumpeter and Stavrianos’ destruction 
has gotten the upper hand. Or is it just a lack of State will?  
From my work I draw 5 conclusions which I in turn will cover here: 1) Global 
warming and green house gasses are a threat 2) CCS is technologically possible 3) CCS is not 
being implemented 4) The corporations and capitalism play their obstructive parts and 5) the 
State plays its self contradicting and almost schizophrenic parts. The last four of these 
conclusions are what my research and this paper is about. They are deeply connected and 
tightly intertwined.  
 
10.1 Global warming 
The first conclusion is that I still, after having read extensively on the subject, believe that 
global warming and the green house effect are clear threats to our way of life. Just as much as 
our way of life in itself is a threat to our way of life. My premise of taking global warming 
and the effect of green house gasses for given stands unshaken. A brief but important 
conclusion. Our knowledge of the climate change and the conclusions drawn from it become 
firmer and more obdurate day by day, but our resolve to change is not strengthened as quickly 
or as strongly. 
 
10.2 CCS is technologically possible 
To varying degrees there is consensus that the building of a post combustion amine based 
CCS plant is possible. As is being planned at Kårstø. But this technology and its alternatives 
need considerable technological qualification, hence the varying consensus. The technologies 
are not mature; they are not off the shelf solutions. Yet nevertheless they are possible to build. 
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If one accepts the high CapEx and OpEx. If one does not insist on waiting for a fully matured 
alternative. 
There is also a general optimism regarding the pre combustion alternatives, but this is 
a technology with fewer immediate applications because it can not be retrofitted. And most of 
the plants in operation today will be around for many years to come. 
On the issue of whether to build pilots and scaled down test plants it is partly a 
discussion of the technology in question and partly which strategy to adhere to. Some 
alternatives are simply not at a stage where full scale implementation is an option. For others 
the qualification of technology through the use of scaled down plants is a more conservative 
route to follow. It reduces the risks, gives more predictable development costs and possibly 
more optimized full scale implementations. But it also slows down the qualification process. 
All kinds of comparisons between the maturing of CCS technology and so called historic 
parallels have been made; going to the moon, the birth of the automobile, the computer 
revolution, etc. But every case is unique. At some point it has to be done. At some point the 
incremental maturing must give way to full scale implementation.   
 
10.3 CCS is not being implemented 
Instead of being implemented CCS is used as a magic incantation. Part of the reason that CCS 
is used as a magic incantation is its power to rhetorically clean any and all projects attached to 
it. For corporations like Shell and Statoil CCS works like a charm. Market and process 
technical necessities are rhetorically turned into environmental measures.  
 The owners of the close to 5 000 carbon dioxide emitting plants around the world are 
not lining up to procure CCS solutions. They do not have to, yet. Further, there are no existing 
plans for CCS value chains that are scheduled for implementation. All of these efforts have 
stranded.  
 The alternative of buying or being given quotas is a definite show stopper. As an OPP 
of least resistance quotas are hard to ignore. Only when they are more expensive than CCS 
will CCS become an OPP. As is the case with the natural gas CCS plant at Sleipner. 
 And only when our future climate and CCS is forced into the same temporal 
dimension or order as all corporate decisions will corporate effort begin to matter. 
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10.4 Corporations and capitalism 
By completely withholding the question of profit from the debate the corporations manage to 
keep the discussion and the resultant political regulations on a level beneficial to them. In the 
climate debate we spend all our time discussing whether to walk or bicycle to work, never on 
whether or not the few shareholders of Shell or another corporation should be made to take 
the true social, present and future, cost of carbon into account and into their accounting.  
Once again; I do not deny the fact that not all corporate decisions are malicious or that 
some good actually comes out of corporate actions, CSR and otherwise. The way our society 
is organized and dependent on fossil fuels we need a sufficient and economically sound 
supply. Which somehow must be provided. I do not in any way draw conclusions in the 
direction of totalitarian state regimes, large scale expropriation of property or collective 
solutions. I carry no pretensions that other, non-capitalistic, forms of society or government 
are, on a national and global scale, more effective, more just or better suited to save our 
climate.     
But I would like to see the true cost tied to the profit and not shared amongst us all, as 
is the case when the State pays.    
 
10.5 The State  
In Norway there is a strong state presence in the petroleum sector. A presence that initially 
was constructed to safeguard values from large multi-nationals, but which itself has turned 
into such an entity. Despite this, and because of this, the total and visionary ordering of the 
NCS with its license criteria, petroleum and corporate taxes, State participation and ownership 
etc have given tremendous rewards to Norwegian society and a welfare level second to none. 
No denying that. But, nevertheless, there is room and money available to improve. For 
instance by implementing CCS, along with many other climate mitigation initiatives. Despite 
the temporal problem of re-election. A problem that seemingly manifests itself in a lack of 
willpower. 
 
10.6 Remarks to remember 
Three remarks from the interviews have struck me more than others. In many ways these 
comments sum up my frustration over why CCS is not being implemented and they give some 
hope. Some hope that it is possible and that it might happen.   
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If CCS was a necessity in order to be allowed to carry on with business, it would be 
quite easy to cough up the money [Ytreland]. In a petroleum company perspective 5 billion 
NOK (625 M€), the stipulated total price of the Kårstø CCS solution, is not an unusually large 
sum of money. Industry people regularly deal with much larger figures. Petoro is working on 
plans for the Gjøa and Vega fields, estimated at around 35 billion NOK (4 375 M€) and the 
future development of the Troll field estimated at 40 billion NOK (5 B€) [Ytreland].  
In a total cost perspective Bjørn-Erik Haugan of Gassnova said that if GW and GHG 
emissions really are such a problem for humanity the price is but a drop in the ocean, without 
implying that the problem is not monumental, but rather the opposite; faced with such a 
monumental challenge the price is irrelevant. It has been calculated that the implementation of 
these measures will only entail a 9 month postponement of GNP growth. Those kind of macro 
economic considerations are quite comforting [Haugan] because it means that if we have the 
proper and coordinated perspective CCS, and a host of other measures, are possible. 
 
10.7 Last remarks and my suggestions  
In this paper I have looked at not just nuts & bolts, not just CCS and EOR, but also CSR and 
SCC. And not just this, forced by my analysis I have had to attempt to ascend to a higher 
plane of abstraction. In spite of wanting to stay amongst the doers of CCS my research on the 
concrete and tangible led me to the abstract and intangible. I have not seen State, Industry or 
Capitalism the same way I have seen the inside of a power plant.   
In this paper I have concluded along the way. All these small conclusions where never 
meant to be neither listed nor summed up here. Nevertheless are they a part of it.  
If we look at other climate initiatives, e.g. renewables or reduced consumption, and 
see what hindrances they face in implementation, perhaps the same conclusions are also 
drawn there. Perhaps this is a general problem with societal, technological and systemic 
changes. Perhaps we have to invent a new capitalism, retaining the creativity but without the 
destruction. 
A new capitalism perhaps, but this will take more time and political will than simply 
enforcing CCS and other climate degradation mitigation initiatives within the existing world 
order. So, let us work with what we have. Let us enforce OPPs on behalf of the climate, 
reduce the discretionary space of corporations and rein in the destructiveness of capitalism.  
I started this journey through the world of CCS by crawling inside the belly of a 
technological behemoth. It was a good day to crawl around inside a power plant. Now the 
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slumbering beast is awake. It delivers power to the grid and exhales its noxious gas. Now is a 
good time to start implementing CCS.  
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Appendix 1: Glossary 
 
4AR or AR4 Fourth Assessment Report From the IPCC, made by the three WGs 
ANT Actor-Network Theory See Chapter 2 
Anthropogenic Human made (refers in this context to sources of CO2) 
Aquifer Pocket of water in sea bed In the case of Utsira the water is saline 
BAT  Best Available Technology  
Cap Ex Capital Expenditure The procurement cost 
Cap rock 
 
An impermeable rock layer 
beneath the sea bed 
Contains the content of a well or aquifer 
 
Carbon 
dioxide 
 
CO2 
 
 
1 carbon atom coupled with 2 oxygen atoms, can 
be found in gas, liquid, solid or super critical 
phase 
CCS 
 
Carbon dioxide Capture 
and Storage 
Also includes compression, transport, injection 
and long term surveillance of storage site 
CH4 See Methane  
CO2 See Carbon dioxide  
Combined 
Cycle 
Gas turbine running with 
heat exchanger 
Heat exchanger produces steam to run steam 
turbines to power generator 
CSR 
 
Corporate Social 
Responsibility  
DnV Det norske Veritas Classification society and consulting group 
ECBM 
 
Enhanced Coal Bed 
Methane Recovery 
Process of injecting of CO2 into coal beds to 
extract methane gas.  
EGR 
 
Enhanced Gas Recovery 
 
Process to increase natural gas output from 
producing well 
EOR 
 
 
Enhanced Oil Recovery 
 
 
Process to increase crude oil output from a 
producing well by f. ex. injecting gas or water 
(also known as IOR, I for improved) 
Flue gas 
 
Another name for (turbine) 
exhaust 
Covers all gasses that can come out of a flue or 
chimney 
GHG Green House Gas  
GNP Gross National Product  
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GW Global Warming  
H2S See Hydrogen sulfide  
Hydrogen 
sulfide 
H2S 
 
Found in some parts of the NCS. Requires 
corrosion protection also applicable to CO2
IPCC 
 
 
United Nations 
Intergovernmental Panel on 
Climate Change  
Kyoto 
Protocol 
Agreement on GHG 
emission reductions 
Part of the United Nations Framework 
Convention on Climate Change 
LNG Liquefied Natural Gas  
LPG Liquefied Petroleum Gas  
LTS 
 
Large Technological 
Systems  
Megawatt MW 1000 kilowatts, or 1000 000 Watts (of electricity) 
Methane CH4 Combustible gas, component of natural gas 
MW See Megawatt  
NCS 
 
Norwegian Continental 
Shelf  
NGO 
 
Non Governmental 
Organization  
NSBTF 
 
North Sea Basin Task 
Force 
UK-Norwegian government and industry 
cooperation on CCS etc. 
NVE 
 
Norges Vassdrags- og 
Energidirektorat 
Norwegian Water Resources and Energy 
Directorate 
OD Oljedirektoratet Norwegian Petroleum Directorate 
OED 
 
Olje og Energi 
Departementet 
Ministry of Petroleum and Energy 
 
Op Ex Operational Expenditure The running costs 
Open Cycle 
 
Gas turbine running 
without heat exchanger  
OPP Obligatory passage point  
Pipe line 
 
A tube of steel used to 
transport liquids and gasses
For natural gas, oil, condensate, CO2, etc. On or 
off shore 
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R&D Research and Development  
Reservoir 
 
Pocket of oil or gas in sea 
bed  
SCC Social Cost of Carbon  
SCOT 
 
Social Construction of 
Technology  
SDØE 
 
Statens direkte økonomiske 
engasjement 
the State’s direct financial interests on the NCS, 
also called SDFI in English 
Separator 
 
Machine to separate crude 
oil, natural gas, water, etc  
Used on well stream, mounted top side 
 
SFT Statens forurensningstilsyn Norwegian Pollution Control Authority  
SM3 
 
Standard cubic meter of 
crude oil  
SRCCS 
 
 
Special Report on Carbon 
dioxide Capture and 
Storage 
From the IPCC 
 
 
STS 
 
Science and Technology 
Studies 
Science, Technology and Society 
 
Sub sea  Installation on sea bottom As opposed to a platform rising above the sea 
TAR Third Assessment Report Predecessor to 4AR from IPCC 
Top side Platform mounted  
TSP Technical Service Provider  
UNFCCC 
 
 
United Nations Framework 
Convention on Climate 
Change  
Well stream 
 
The output from a well 
 
Can contain crude oil, natural gas, carbon 
dioxide, water, etc.  
WG I, II or III Working Group Of the IPCC 
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Appendix 2: Sources 
 
Interviewees 
Name Title Organization  Date 
Apeland, Sigve Project Manager Gassco 21/06/2007 
Christophersen, Øyvind Senior Advisor SFT 14/06/2007 
Graff, Oscar Fr. Vice President AkerKværner 29/06/2007 
Haugan, Bjørn-Erik  Director Gassnova  28/08/2007 
Kristiansen, Beate Head of Dept. Bellona 28/06/2007 
Lima, Kai Bjarne Project Manager Statoil 20/06/2007 
Mathiassen, Odd Magne Principal Engineer OD 20/06/2007 
Rønning, Ole  Director Kårstø Group (OED) 14/06/2007 
Sletten, Sveinung  VP external affairs Petoro 20/06/2007 
Svendsen, Pål Tore Senior Advisor NVE 19/06/2007 
Ytreland, Sonja Senior Advisor Petoro 20/06/2007 
 
 
Other contacts 
Name Title Organization  Date 
Breivik, John Harald Senior Technician Naturkraft 21/06/2007 
Lygre, Dag Manager  Naturkraft 21/06/2007 
 
 76
Carbon Dioxide Capture and Storage – ESST 2007 
Printed sources 
Andersen, Svein S. 2005: Case-studier og generaliseringer, Fagbokforlaget, Oslo 
Bellona 2005: Viktor E. Jakobsen, Frederic Hauge, Marius Holm & Beate Kristiansen: 
Environment and value creation CO2 for EOR on the Norwegian shelf– A case study, 
Bellona, Oslo, Norway 
Bijker, W.E. & John Law. (eds.) 1992: Shaping Technology/Building Society – Studies in 
Sociotechnical Change, MIT Press, Cambridge, USA 
Bijker, Wiebe, Thomas Hughes and T.J. Pinch, 1987: The Social Construction of 
Technological Systems – New Directions in the Sociology and History of Technology, 
MIT Press, Cambridge, USA 
Callon, Michel, 1986a: The Sociology of an Actor-Network: The Case of the Electric 
Vehicle. In Callon, Michel, John Law and Arie Rip: Mapping the Dynamics of Science 
and Technology, Macmillan Press, Basingstoke, UK 
Callon, Michel, 1986b: Some Elements of a Sociology of Translation: Domestication of the 
Scallops and the Fishermen of Saint Brieuc Bay. In J. Law (Ed.) Power, Action and 
Belief: a new Sociology of Knowledge? Sociological Review Monograph. London, UK 
Callon, Michel, 1987: Society in the Making: The Study of Technology as a Tool for 
Sociological Analysis. In Bijker, Wiebe, Thomas Hughes and T.J. Pinch: The Social 
Construction of Technological Systems – New Directions in the Sociology and History 
of Technology, MIT Press, Cambridge, MA, USA. 
Callon, Michel, John Law and Arie Rip 1986: Mapping the Dynamics of Science and 
Technology – Sociology of Science in the Real World, Macmillan Press, Basingstoke, 
UK 
Callon, Michel. 1999: Actor-network theory - the market test. In Actor Network Theory and 
after by Hassard, John and John Law. Blackwell Publishing, Oxford, UK. 
Coeckelbergh, Mark and Ger Wackers, 2007: Imagination, Distributed Responsibility, and 
Vulnerable Technological Systems: The Case of Snorre A. In Science and Engineering 
Ethics 13, 2: 235 – 248. 
Ford, Neil, 2007: S Africa looks to gas to fill power vacuum. In African Business, July 2007, 
no. 333, IC Publications, London, UK   
 Hughes, Thomas, 1987: The Evolution of Large Technological Systems in Bijker, Wiebe, 
Thomas Hughes and T.J. Pinch: The Social Construction of Technological Systems – 
New Directions in the Sociology and History of Technology, MIT Press, Cambridge, 
 77
Carbon Dioxide Capture and Storage – ESST 2007 
MA, USA 
IEA 2007: Key World Energy Statistics, International Energy Agency, Paris, France 
Jelstad, Janka, 2005: Corporate Social Responsibility (CSR) i Statoil - Hva kan forklare 
innholdet i Statoils CSR-strategi?, Rapport nr. 1/05,  ProSus, Universitetet i Oslo, Oslo 
Latour, B. (1983). Give Me a Laboratory and I will Raise the World. In K. D. Knorr-Cetina 
and M. J. Mulkay (Eds.) Science Observed. Sage, Beverly Hills, USA. 
Latour, B. and S. Woolgar (1979). Laboratory Life: the Social Construction of Scientific 
Facts, Sage, Beverly Hills and London. 
Latour, Bruno 1999: On Recalling ANT. In Actor Network Theory and after by Hassard, 
John and John Law. Blackwell Publishing, Oxford, UK  
Latour, Bruno: Reassembling the Social – An Introduction to the Actor-Network-Theory, 
Oxford University Press, Oxford, 2005 
Latour, Bruno: Science in Action, Open University Press, Milton Keynes, 1987 
Law, John 1986: The Heterogeneity of Texts, in Callon, Michel, John Law and Arie Rip 
1986: Mapping the Dynamics of Science and Technology – Sociology of Science in the 
Real World, Macmillan Press, Basingstoke, UK 
LUU 2006: NOU 2006:18, Et klimavennlig Norge. Lavutslippsutvalgets innstilling (The 
Norw. Govn. Low Emission Commision’s final report), Oslo, Norway 
Moser, Ingunn and John Law. 1999: Good passages, bad passages. In Actor Network Theory 
and after by Hassard, John and John Law. Blackwell Publishing, Oxford, UK. 
NSBTF – North Sea Basin Task Force, 2007: Storing CO2 under the North Sea Basin, Draft 
Copy, Norwegian Ministry of Petroleum and Energy & UK Department of Trade and 
Industry 
NVE 2007, Kårstø rapporten, Pål Tore Svendsen (ed.), NVE, Oslo, Norway 
OD 2005: CO2 for økt oljeutvinning på norsk kontinentalsokkel – mulighetsstudie by Odd 
Magne Mathiassen, OD, Stavanger, Norway 
Ryggvik, Helge 1997a: De tre bukkene Saga, Norsk Hydro og Statoil. Fra nasjonal 
beskyttelse til internasjonal ekspansjon, Chapter 7 In Odd Einar Olsen and Francis 
Sejersted (Eds.) Oljevirksomheten som teknologiutviklingsprosjekt, AdNotam 
Gyldendal, Oslo, Norway 
Ryggvik, Helge 1997b: Oljekomplekset, Chapter 8 In Odd Einar Olsen and Francis Sejersted 
(Eds.) Oljevirksomheten som teknologiutviklingsprosjekt, AdNotam Gyldendal, Oslo, 
Norway 
 78
Carbon Dioxide Capture and Storage – ESST 2007 
Shell 2007a: Shell Technology Report – The power of innovation, January 2007, Royal Dutch 
Shell plc, the Hague, the Netherlands 
Shell 2007b: Delivery and growth – Annual Review and Summary Financial Statements 
2006, Royal Dutch Shell plc, the Hague, the Netherlands 
SoriaMoria 2005: [Inaugural Declaration, officially called:] Plattform for 
regjeringssamarbeidet mellom Arbeiderpartiet, Sosialistisk Venstreparti og 
Senterpartiet 2005-09 
SRCCS: IPCC Special Report on Carbon dioxide Capture and Storage, Working Group III 
of the United Nations Intergovernmental Panel on Climate Change, Cambridge 
University Press, New York, USA, 2005  
St.prp. 2007: Stortingsproposisjon nr. 1 (2006–2007), for budsjettåret 2007, Statsbudsjettet, 
(Norway’s National Budget)  
Statoil 2006: Statoil Magazine, Issue 2, May - 2006, Statoil ASA, Stavanger 
Statoil 2007: Statoil Magasin, Tema CO2, Special Issue, August - 2007, Statoil ASA, 
Stavanger. (Norwegian edition) 
Statoil 2007b: Financial statements 2006 - Norwegian accounting principles, Statoil ASA, 
Stavanger. 
Statoil/Shell (brochure w.o.date): Putting CO2 to work – A new Norwegian industrial model 
for a CO2 value chain, Joint CO2 Task Force, Statoil ASA, Stavanger  
Stavrianos, L. S. 2004: Lifelines from our Past: a new world history, revised edition, M.E. 
Sharpe, New York and London 
Stern, Nicholas H. 2007: The Stern Review: The Economics of Climate Change, Executive 
Summary, Cambridge University, Cambridge, UK 
Stiglitz, Joseph 2002: Globalization and Its Discontents, Penguin Books, London 
Utgård, Bjørn, 2007: Qualification of new technology for capture of CO2 in coal-fired power 
plants, Norwegian University of Science and Technology, Trondheim, Norway  
van Ruijven, Jochem, 2007: An analysis of the Norwegian Carbon dioxide, Capture and 
Storage Innovation System; A functional approach, University of Utrecht, Utrecht, the 
Netherlands 
WG I: Working Group I of the United Nations Intergovernmental Panel on Climate Change: 
SPM – Executive Summary for Policy Makers, 2007, IPCC Secretariat, Geneva, 
Switzerland 
WG II: Working Group II of the United Nations Intergovernmental Panel on Climate 
 79
Carbon Dioxide Capture and Storage – ESST 2007 
Change: SPM – Executive Summary for Policy Makers 2007, IPCC Secretariat, Geneva, 
Switzerland 
WG III: Working Group III of the United Nations Intergovernmental Panel on Climate 
Change: SPM – Executive Summary for Policy Makers, 2007, IPCC Secretariat, 
Geneva, Switzerland 
Yin, Robert K.: Case Study Research, Design and Methods, 2003, London, Sage 
 
Internet sources 
(All sources rechecked September 2007) 
 
CO2 Capture Project: Public Perception of Carbon Dioxide Capture and Storage: Prioritised Assessment of I
Concerns Summary for Policy-Makers. available from: http://www.zero-
emissionplatform.eu/website/docs/related%20docs/IEA%20WPFF%20CCS%20COMMUNICATIONS
EGY-SPM%20-%2023%20March.pdf  
IEA Country Statistics 2004: Electricity/Heat in Norway in 2004, URL: 
http://www.iea.org/Textbase/stats/electricitydata.asp?COUNTRY_CODE=NO 
Isachsen, Arne Jon, 2007: Månedsbrevet September 2007, http://home.bi.no/fag87025/  
Kaldany, Rashad 2006: Global Gas Flaring Reduction: A Time for Action!, a Keynote Speech by the Director
Gas, Mining and Chemicals Dept, World Bank at Global Forum on Flaring & Gas Utilization, Paris, De
13th, 2006 http://worldbank.org/html/fpd/ggfrforum06/kadany.pdf 
Law, John. 1992: Notes on the Theory of the Actor Network: Ordering, Strategy and Heterogeneity, Centre fo
Studies, Lancaster University, Lancaster, UK http://www.comp.lancs.ac.uk/sociology/papers/Law-Note
ANT.pdf  
Naturkraft: company website: http://www.naturkraft.no   
NSIDC: National Snow and Ice Data Center: www.nsidc.org    
OD 2007: Sokkelåret 2006, Press Release 1/2007. http://www.npd.no/Norsk/Aktuelt/Pressemeldinger/2007/P
2007+sokkelaret2006.htm  
OED 2007: Press release, published 15.05.2007 No.: 64/07 The Revised National Budget for 2007: Norway is
important supplier of energy to Europe, available from: http://www.regjeringen.no/en/dep/oed/Press-Ce
releases/2007/The-Revised-National-Budget-for-2007-Nor.html?id=466629  
Petoro 2007: Press release from PetoroStavanger, 27 February 2007, downloaded from www.petoro.no/eng/
Statoil/Shell 2007: press release on Halten CO2 cancellation, published 29.06.2007 in English and Norwegian
companies’ websites, e.g. www.statoil.com  
 80
Carbon Dioxide Capture and Storage – ESST 2007 
 81
World Bank 2006: Total GDP 2006,  available at: 
http://siteresources.worldbank.org/DATASTATISTICS/Resources/GDP.pdf  
World Bank 2007: World Bank calls for the improvement of the impact of extractive industries on women, av
http://go.worldbank.org/ZK0ZU6B8E0  
 
